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ABSTRACT 
CARDIO-RESPIRATORY INDICES OF ENDURANCE CAPACITY 
IN SOCCER PLAYERS 
The purpose of this investigation was to study the 
relationship between selected pulmonary measurements, 
anthropometric indices,' distance run in sixteen minutes 
and cardiovascular fitness potential (as measured by 
maximum oxygen uptake), maximum oxygen debt and certain 
factors closely associated with these measurements. 
The study involved eighty seven male subjects who 
ranged between twenty and twenty five years of age. In the 
1973 study the sample involved thirty seven participants 
from the sports of rugby, hockey, cross country, and soccer. 
In the 1974 study the sample involved thirty nine soccer 
players. In 1975 physiological measurements were taken 
from eleven soccer players and applied to several of the 
1974 regression formulae in order to predict the distance 
the players could run in sixteen minutes. 
It was envisaged that various physiological parameters 
might enable the author to predict the distance that might 
be run in sixteen minutes (applicable to trained athletes 
during the competitive season). The following hypotheses 
were investigated: 
1. There are significant relationships between maximum 
oxygen uptake and factors pertaining to it, and distance 
covered in sixteen minutes running. 
2. There are significant relationships between selected 
pulmonary function measurements and maximum oxygen uptake. 
1 
3. There are significant relationships between maximum oxygen 
debt and distance covered by running in sixteen minutes. 
4. There are significant relationships between maximum oxygen 
debt and certain pulmonary function measurements. 
5. There is a significant relationship between maximum oxygen 
debt, certain lung function measurements, and distance 
covered by running in sixteen minutes. 
6. There is no s.ignificant. rela tionship between pulmonary 
function measurements and distance covered by running in 
sixteen minutes. 
Organisation of the Study 
Measurements were selected that were appropriate for the 
study of the relationships between cardio-respiratory indices, 
anthropometric measurements, maximum oxygen debt, and their 
relationship to the sixteen minutes run. The sixteen minute 
track run was used as the criterion for this investigation in 
order to assess endurance capacity. 
ii 
Anthropometric indices. utilised were: the mean of seven 
skin f'old measurements and an overweight index based on 
the f'ormula: 
100 x body weight (kilograms) 
height cm - 100 
Pulmonary f'unction measurements used were f'orced vital 
capacity (FVC), f'orced expirator¥ volume in 0.5, 0.75 and 
1.0 second, (Fh~ 0.5), (FEY 0.75) and (FEV 1.0), maximum 
voluntary ventilation (MVV), f'orced expiratory f'low (FEF), 
and f'orced mid-expiratory f'low (FMEF). All measurements 
were taken on a 7.8 litre Vitalograph and corrected to BTPS, 
except the FEP and FMEF. Cardiovascular f'itness potential 
was determined by a maximum oxygen uptake test, this 
measurement being expressed in l/min and m~Kg.min at S.T.P.D • 
. The maximum oxygen debt was measured on an open 
circuit with f'if'teen subjects taken f'rom the 1974 soccer 
sample. This measurement was expressed in litres of' oxygen, 
and mls of oxygen per kilogram of' body weight at S.T.P.D. 
Rb. measurements were determined by means of' the M.R.C. wedge 
photometer, (measurement only taken in 1974). A Muller 
bicycle ergometer was used to obtain the work achieved in 
both the V02 max and max O2 debt detenninations. 
Procedures 
The analysis was carried out on an ICL 1904s computer. 
The ICL statistical analysis mark 2 package (XDS3) was 
used f'or the majority of' the analysis, although a f'ew 
exploratory analyses such as scattergrams were perf'ormed 
using S. P. S. S. (Statistical package f'or the social 
sciences versicn 4). Multiple linear regreSSion analysis 
was used f'or predicting the average distance run by the 
sample in sixteen minutes. 
Conclusions 
Within the limitations of' this study the following 
conclusions were made: 
1 • There are signif'icant relationships between VO max and 
f'actors pertaining to this measurement and distance 
covered in sixteen minutes running. In parti~ular in the 
1973 sample an r = 0.65 was obtained between V0 2 max m~Kg.min and distance run oignif'icant at the 1 per cent 
level, whereas in the more homogeneous sample of 1974 this 
relationship was reduced to 0.32, which is just 
signif'icant at the 5 per cent level. The ~02 at 180 W 
work as a proportion of' the subject's VO max on the 
ergometer gave an r = -0.38 with distanc€ run (1973 sample) 
signif'icant at the 5.per cent level. In the same sample 
the time to reach a VO max f'rom commencing work on the 
ergometer and the crit€rion gave an r = 0.36. Skin f'olds 
showed a relationship of' -0.34 with distance run in the 
same year sample, both being signif'icant at the 5 per cent 
level. In the 1974 sample the F.E.F. gave an r = -0 • .53 
with the criterion signif'icant at the 1 per cent level. 
Hi 
Also 'r' = -0.33, -0.36, and -0.3~ were obtained between 
the criterion and height, weight and body surf'ace area 
respectively all signif'icant at the 5 per cent level. 
Skin f'old correlated -0.53 with the criterion which is 
signif'icant at the 1 per cent level. 
2. There are signif'icant relationships between selected 
pulmonary f'unction measurements and maximum oxygen uptake. 
In the 1973 sample VO max I/min gave 'r's = 0.43, 0.34, 
0.44, 0.49 and 0.49 wfth FVC, Fh~ 0.5, FEV 0.75, FEV 1.0 sec, 
and MVV, all being significant at the 1 per cent level 
with the exception of the second relationship which is 
signif'icant at the 5 per cent level. In 1974 ~02 max I/min 
correlated 0.33 with FVC and 0.34 with the FEF Irmin both 
being significant at the 5 per cent level. 
3. There are no significant relationships between maximum 
oxygen debt and distance covered by running in sixteen 
minutes. 
4. 
6. 
There are significant relationships between maximum oxygen 
debt and certain pulmonary function measurements •. The FVC 
gave an r = 0.57 with the max 0" debt I/min which! is 
significant at the 1 per cent level. 
There is no significant relationship between max 02 debt, 
certain lung function measurements and distance cOVered 
by running in sixteen minutes. 
There is no significant relationship between pulmonary 
function measurements and distance covered by running in 
sixteen minutes, with the exception of the FEF l/min and 
distance run which gave an r = -0.53 being signif'icant at 
the 1 per cent level. 
It has proved possible to devise various f'ormulae by 
multiple regression analysis of' meaningf'ul physiological 
measurements to predict the average distance that may be 
run by the sample, and future similar representative 
samples, in Sixteen minutes. The f'ormulae, involved the 
maximum oxygen uptake I/min, and mJ/Kg .• min, skin f'old, 
breathing rate during to" max, body surf'ace area, cardiac 
index, FEV 0.5 sec, 1.0 sec, and the forced expiratory 
f'low llmin. (1974 sample). The criteria used to select 
between regressions used in this study was Standard 
Error Estimate (S.E.E.) and the simplicity of' the equation, 
determined by the number of' variables in the equation, as 
well as physiological considerations. 
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CHAPTER I 
INTRODUCTION 
To date, no studies in this country have attempted to 
pinpoint the physiological variables which are vital to high 
endurance capacity. This study aims to establish some of the 
important physiological parameters necessary, either as 
pre-requisites or measurements in themselves, which are of 
importance for high endurance work. The study will also 
• 
examine if any of the physiological measurements, alone. or 
collectively, can be used as predictors of Cardiovascular 
Endurance Capacity. C.E.C. is the ability to develop and 
sustain work output for long periods of time which results 
in resistance to fatigue and quick recovery after fatigue. 1 
The criterion for endurance capacity, in this 
investigation, is the distance that can be run in sixteen 
minutes. The sixteen minute run was used because it is 
mainly aerobic in nature{see page 16} The study also 
attempts to establish relationships between certain 
anthropometric indices, haemoglobin, and dynamic lung 
function measurements. In addition the relationships 
• between these and V0 2 max, max 02 Debt, and certain factors 
pertaining to both these measurements will be investigated. 
Anaerobic processes are not actually involved in cardio-
vascular endurance except as they are called into play as a 
, 2 
result of inadequacy of the aerobic processes. 
1Clayne R. Jenson. and A. G. Fisher, Scientific Basis of 
Athletic Conditioning (Philadelphia: Lea & Febiger. 1972). 
p. 88. (Part Definition). 
2Ibid •• p. 90. 
·1, . 2 
In 1973, thirty seven individuals, participants in 
soccer, rugby, hockey, and cross country were studied. In 1974 
.a further thirty nine, all soccer players (twenty four amateur 
and fifteen professional) were examined. In 1975 a further 
eleven subjects were also examined • 
• The V02 max and max 02 debts were measured on open circuits, 
all dynamic lung measurements were recorded on the 7.8 Litre 
Vitalograph. Anthropometric measurements were obtained from 
skin fold measurements, an overweight index, and haemoglobin 
determina tion wi th the M. R. C. wedge photometer. I t is hoped 
that the results of this study will encourage all endurance 
athletes, particularly soccer players both professional and 
amateur, to adopt the sixteen minute run as an indicator of 
circulo-respiratory endurance, both pre-season and at selected 
times during the competitive season. Also, it is possible 
that the results of this study will encourage soccer players 
to undergo laboratory screening to determine endurance 
potential, so that training will be based on individual 
physiological potential· where individual deficiencies will 
also be taken into consideration. It is the author's belief 
that the physiological demands which the game places upon 
various playing positions, and the individuals resources to 
meet these demands, should form the basis of the training 
programme. Finally, it is hoped that the results of this study 
will encourage soccer clubs to adopt a more scientific approach 
towards their fitness training, where physiological potential 
related to playing position should form the basiS for 
individual or select group training, as opposed to general 
squad training. 
Statement of the Problem 
The purpose of this investigation was to study the 
relationship between selected pulmonary measurements, 
anthropometric indices~ distance run in sixteen minutes and 
cardiovascular fitness potential, as measured by maximum 
oxygen uptake, maximum oxygen debt and certain variables 
pertaining to those measurements. 
Significance of the StuQy 
3 
It is generally considered that for success in the majority 
of team games circulo-respiratory endurance is a contributing 
factor. 
There are at present few, if any, objective measurements 
that will accurately assess or predict endurance capacity or 
potential. Maximum aerobic power is generally considered the 
best criterion of physical work capacity, providing P.W.C. is 
taken to mean the ability to maintain exercise for sustained 
periods of time. Costill states that the best single predictor 
of running success is the maximal oxygen uptake value mllkg.min. 3 
This measurement, however, in itself, does not always give 
a true indication of endurance capacity, and occasionally an 
• athlete with a V02 max as high as 70 + mllkg.min is only 
capable of moderate endurance performance. 4 
3D• L. Costill, What Research tells the Coach about 
Distance Running (Washington: A.A.H.P.E.R. 1968), p. 7. 
4sased on personal correspondence between Dr. Jack Daniels 
Director of the Honolulu University Human Performance 
Laboratory, and the writer. 
4 
A 73 ml/kg.min runner may be so inefficient that it would 
cost him 70 ml/kg.min to .run at a 6 minute mile pace. 
Consequently ,to predict such an individual's V02 max from 
the distance he runs in sixteen minutes, or vice versa, could 
contain significant error. This, very likely, would apply 
to any single physiological parameter which was used to 
predict endurance potential. The value of examining 
physiological multi-correlations in an effort to isolate 
some of the more physiologically important measurements 
contributing to endurance capacity, and to be able to examine 
such variables as predictors of endurance capacity, may well 
prove of immense worth in selection of soccer players. Those 
in certain positions may be required to possess a higher 
endurance capacity than other members of their teams. (See 
table 1). 
Superior physiological endowment, as well as the right 
type and amount of training, may be a pre-requisite to the 
development of high endurance capacity. If this is the case, 
then, possibly the whole philosophy of squad training for 
soccer players needs to be re-evaluated. Individual screening 
would be by careful laboratory assesament to provide training 
schedules tailor-made for the individual physiological 
potential of each player, thus taking into consideration 
physiological deficiencies in these athletes before training 
was undertaken. In the first place one may well see the 
possible benefit in such a study, and secondly, the question 
of why one endurance performer appears to deteriorate more 
rapidly than another during a layoff period could well form 
the basis for further enquiry once the basic physiological 
ingredients for endurance capacity and potential have been 
determined. 
It must, of course, be realised that at present it 
may prove impossible to measure work efficiency during a 
1~ hour football game, but work output as indicated by 
running speed and regularity can certainly be judged 
subjectively during the game see page 8. 
The major contribution of this study will be an 
endeavour to objectively pinpoint some of the physiological 
measurements necessary for endurance performance 'iI' It would 
appear that ideally a top quality mid-field player, apart 
from possessing an advanced degree of skill, is also 
required to run fast and regularly and to what degree may 
well not be within his capabilities to control. 
Today it is common knowledge that a first division 
soccer club may pay up to £350,000 for a top quality half 
back obviously possessing the skills required by the team. 
Although in some cases those responsible may be able to 
determine the healthy functioning of his heart and lungs, 
they are still not in a position to predict accurately the 
work potential of such a player. 
This study will. attempt to pinpoint the endurance work 
capacity and potential of .soccer players, both professional 
and amateur. The importance of top level conditioning was 
seen by millions of people when the WORLD Soccer Cup match 
between West Germany and Holland, was recently played in 
Germany. (1974). The football experts claimed the Dutch 
team played "total football", but perhaps what they really 
meant was that the Dutch side appeared capable of a higher 
work rate for longer periods of time. In other words, 
their Endurance Capacity was considerably higher than that 
5. 
of the other teams. I t can clearlY be seen from Table I page 8 
that the mid-~ield players may be re~uired to .run 
"aerobically", nearly twice the distance compared to 
the forwards during the same match. 
Limitations o~ the study. 
1. The study was finally limited to thirty-nine volunteer 
male subjects who ranged between eighteen and twenty 
five yeara of age. (Excluding Validation of 
Predictive Formulae 1975). 
2. Cardiovascular endurance potential (39 subjects) was 
measured only by the maximum oxygen uptake test. 
3. The only criterion used to assess cardiovascular 
endurance potential was the sixteen minute run. 
4. The study was finally limited to soccer players 
both amateur and professional. 
5. The study dealt only wi th mature soccer players 
eighteen to twenty five years of age. 
Hypotheses:-
The follOwing hypotheses were investigated: 
1. There are significant relationships between maximum 
oxygen uptake, and factors pertaining to it, with 
distance covered in 16 minutes running. 
2. There are significant relationships between selected 
pulmonary ~unction measurements and maximum oxygen 
uptake. 
3. There are significant relationships between maximum 
oxygen debt and distance covered by running in 
16 minutes. 
u 
4. There are significant relationships between maximum 
oxygen debt and certain pulmonary function 
measurements. 
7 
5. There is a significant relationship between max oxygen 
debt, certain lung function measurements and distance 
covered by running in 16 minutes. 
6. There is no significant relationship between pulmonary 
function measurements and distance covered by running 
in 16 minutes. 
It was envisaged that various physiological parameters 
may enable the author to predict the distance that may be 
run in 16 minutes. (Applicable to trained athletes during 
competitive season). 
The writer has used the F statistic to test degree 
of relationship. 
(Midfield Players) 
Name and 
Club 
B.T.** 
Walsall 
F.C. 
N.A. 
Walsall 
F.C. 
P. B. ** 
W. M.C. E. 
B. C. ** 
W.M. C. E. 
G.B.*:K 
W. M. C. E. 
Match 
Man. City 
Huddersfield 
York Cit 
Averages 
Rochdale 
Wrexham 
South ort 
Averages 
Florence Col. 
Wall Phoe. 
Stafford R. 
Averages 
Michelin A. C. 
(65 mins.) 
Red Cow 
Roceste 
Averages 
Red Cow 
Le k Town 
Averages 
TABLE I 
DISTANCE RUN BY SOCCER PLAYERS DURING VARIOUS GAMES 
* * Jogging Sprinting 
Metres 
2865 
3249 
2 
3015 
3400 
3432 
6 
3494 
2143 
2038 
1672 
1951 
1777 
2266 
22 
2100 
3112 
o 
3073 
1019 
799 
82 
933 
443 
420' 
02 
455 
945 
1142 
859 
982 
882 
415 
564 
735 
8 6 
785 
K 
31 13 
25 15 
26 
27(14) 
28 19 
29 24 
25 20 
27( 21 ) 30(17) 
Ju 
11 
6 
8 
8 
5 
8 
H 
10 
9 
11 
5 
3 
5 
6 
5 
8 
Gr 
7 
3 
5 
2 
3 
o 
2 
3 
4 
2 
o 
2 
Shots 
2 0 
2 1 
o 0 
3 0 
o 0 
1 (0) 
1 (L) 
0(0) 
o 0 
0(0) 
G 
Jo = Jogging K = Number of Kicks Ju = Jumping Gr = Groundings G = Goals 
Sp = Sprinting T = Number of Tackles H = Heading Shots = Shooting 
* Averages for B.C. taken over two games only, due to injury in Michelin game (65 mins.). 
:!f* Players used in Author's Study. The numbers in brackets under the columns for Kicking, Tackling and 
Shooting indicate the number of Kicks which resulted in a pass being on target, the number of tackles 
won by the player and the number of shots on target. Distance run was measured by subjective analysis. 
(Forwards) 
Name and 
Club 
:jU( B. S. 
Walsall 
F. C. 
*3(. A. B. 
Walsall 
F. C. 
:!{3£ A.G. 
'N.M.C.E. 
;!:{l G. S. 
'(I.M.C.E. 
D.H. 
'N.M.C.E. 
TABLE I (Contd.) 
Jogging Sprinting 
Match . Metres 
Huddersfield 
York City 
Man C t 
Averages 
Rochdale 
Wrexham 
Sou h ort 
Averages 
Leek T. 
Edge Hill C. 
Red Cow. 
Averages 
l.Iichelin A. C. 
Red Cow 
Rocester 
Averages 
Y/alsall Phoe. 
Florence Col. 
E e Hill C. 
Averages 
.10 = Jogging 
Sp = Sprinting 
1179 
1083 
2309 1125 
2924 932 
3162 950 
866 
2650 941 
639 927 
813 872 
2 
925 726 
1083 726 
968 667 
80 
951 714 
1480 786 
1590 1005 
68 22 
1346 837 
K = Number of Kicks 
T = Number of Tackles 
T 
23 8) 
23 12) 
6 
Ju 
13 
16 
17 
18 
15 
13 
35 
15 
19 
Ju = Jumping 
H = Heading 
10 
7 
8 
15 
4 
11 
6 
7 
11 
6 
8 
Gr 
7 
9 
6 
2 
6 
o 
o 
8 
3 
4 
2 
2 
6 
1 
3 
Shots 
6 3 
7 3 
1 
3 2 
3 2 
2 2 
2 0 
2 0 
2 
4(3 
5 4 
o 0 
G 
3 
1 
2 
2 
2 
2 
Gr = Groundings G = Goals 
Shots = Shooting 
3£~ Players used in Author's Study. The numbers in brackets under the·columns for Kicking, Tackling and 
Shooting indicate the number of Kicks which resulted in a pass being on target, the number of tackles 
won by the player and the number of shots on target. 
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TABLE I (Contd.) 
INDEX OF DATA FOR FORWARD PLAYERS. 
Player Club Match Date Position Result 
~~ B. S. Walsall Huddersf'ield (H) 17. 9.73. Forward 3 - 0 
York City (H) 16.10.73. Forward 0 
- 0 
Man. City (H) 2.10.73. Forward 0-0 
~* AoB. Walsall Rochdale (A) 1 • 1.74. Forward o - 1 
Wrexham (H) 20. 1.74. Forward 3 - 0 
Southport (H) 17. 3.74. Forward 2 - 0 
~ A.G. W.M.C.J£. Red Cow (A) 19. 1.74. Forward 2 
- 3 
Edge Hill Col (A) 3. 3.74. Forward o - 2 
Leek Town (H) 16. 3.74. Forward 2 
- 0 
:It:!!: G. S. Vi.M.C.E. Michelin (A) 27.10.73. Forward 4 - 4 
Red Cow (A) 19. 1.74. Forward 2 
- 3 
Rocester (H) 23. 3.74. Forward 0 
- 1 
D. H. W. M. C. E. Florence Col. (A) 22. 9.73. Forward 2 
- 0 
Walsall Phoe.(H) 6.10.73. Forward 2 
- 3 
Edge Hill Col. (A) 3. 3.74 l<'orward o - 2 
*~ Players used in Author's Study. 
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TABLE I (Contd.) 
INDEX O~' DATA FOR MID-FIELll PLAYERS 
Page Player Club Match llate Posl tion Result 
1-3 :IU!: B. T. Walsall Huddersf'leld (H) 17. 9.73. Mldf'leld 3 - 0 
York Cl ty (H) 16.10.73. Mldf'leld 0 - 0 
Man. Cl ty (H) 2.10.73. Mldfleld 0 - 0 
4-6 N.A. Walsall Rochdale (A) 1 • 1.74. M ldf'ield 0 - 1 
Wrexham (H) 20. 1.74. Mldf'leld 3 - 0 
Southport (H) 17. 3.74. Mldf'leld, 2 - 0 
7-9 P. B. 'N.M. C. E. Florence Col. (A) 22. 9.73. Mldf'ield 2 - 0 
'Nalsall PH. (H) 6.10.73. Mldf'ield 2 - 3 
Staf'f'ord R (H) 17.11.73. Mldf'ield 3 - 2 
10-12 B. C. 'N.M.C.E. 'Mlchelln (A) 27.10.73. Mldf'leld 4 - 4 
Red Cow (A) 19. 1.74. Mldf'leld 2 - 3 
Rocester (H) 23. 1.74. Mldf'ield o - 1 
13-15 3£ G. B~ 'N.M.C.E. Red Cow (A) 19. 1.74. Mldfleld 2 - 3 
Leek Town (H) 16. 3.74. Mldf'leld 2 - 0 
3£. Only two games were covered for G.B. due to lack of' time 
avallable. Averageswl1l be taken f'rom the two games 
studled. 
The data on the players1n Table I was collected by 
S. OSBORNE and D. HARRIS, WEST MIDLANDS COLLEGE OF 
EDUCATION, 1974. 
3£3£ Players used ln Author's Study. 
, \; 
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C H APT E R I I 
REVIEW OF THE RELATED LITERATURE 
CHAPTER II 
REVIEW OF THE RELATED LITERATURE 
Owing to the complexity of the author's investigation 
in that many physiological parameters were examined in 
relation to a performance criteria namely the sixteen 
minute run, and because none 01' the literature reviewed by 
the author of this study appeared as comprehensive, the 
review of literature has been organised into the following 
sections: 
a. Running speeds represented by velocities. 
b. Literature concerning a relationship between maximum 
oxygen uptake and distance running performance. 
c. Literature concerning a relationship between dynamic 
lung parameters in relation to athletic performance. 
d. Literature concerning a relationship between sports 
performances and certain cardiorespiratory functions 
related to aerobic capacity. 
e. Literature concerning a relationship between maximum 
oxygen debt and running performance •• 
f. Literature concerning a relationship between selected 
laboratory measurements and distance running performance. 
g. Summary and Implications. 
a. Running speeds represented by velocities. 
The first attempt to determine the oxygen cost of running, 
and realise its importance to performance must be credited to 
Sargent with his experiments on an individual. Sargent 
concluded, as early as 1926, that running speeds can be 
represented by velocities. The approximate pace of a two mile 
race represented by velocities greater than 6.5 yards per 
second, was theoretically worked out by Sargent in his 
experiments on a single individual. 5 He believed that the 
oxygen cost of running increased as the ith power of the 
athlete's velocity.6 The ~th power function does not 
14. 
accurately describe his.data because it showed a definite 
and regular curvilinear trend rather than a linear plot in 
the log by log graph. 7 Because most of his observations 
were made on single subjects, the sample error is also 
considerable. 
Astrand has published similar research on a larger 
sample (velocities ranging from 2.4 to 5.3 yards per second). 
This data is more reliable. 8 
According to Henry it may be desirable for practical 
purposes, to predict speed from known or assumed values of 
oxygen reQuirements. 9 
Henry further states, that although the prediction is 
empirically successful, the formula is not theoretically 
meaningful, since the A2K2 component extension curve 4, of 
the insert graph of fig. IV, predicts that the oxygen uptake 
will increase without limit. 10 
5R• M. Sargent, "Relation between Ox en Re uirement and 
Speed in Running", Roy. Soc. BIOL 100: 10 - 22, 12 February, 
1926. 
6Ibid., p.22. 
7Ibid., p.n. 
8 P. O. Astrand, Experimental Studies of PhYsical Working 
Capacity in Relation to Sex and Age. Copenhagen: 
E. Munksgaard, 1952. 
9F• M. Henry, "Oxygen Requirement of Walking and Running", 
Research Quarterly, 24: 173. 1958. 
10Ibid 
-' 
This research appears to be the forerunner for predicting 
speed of horizontal walking and running from known or 
assumed values of oxygen requirement, and, as such, is 
worthy of consideration, particularly as one of the aims of 
my investigation will be to attempt to predict average 
running speed over sixteen minutes. 
b. Literature concerning a Relationship between Maximum 
Oxygen Uptake and Distance Running Performance. 
The rather simple but ingenious idea of correlating 
maximum oxygen uptake m~Kg.min, with distance run, must be 
attributed to Balke.· According to Balke, the physiological 
effects of physical conditioning resulted in improvements 
in work output as measured in the laboratory over short 
periods of time (treadmill bicycle ergometer) as were 
apparent in the performance of running two to three miles. 
Balke determined the oxygen requirements of running at 
various velocities on a horizontal treadmill by male 
non-competitive runners. At the beginning and conclusion 
15 
of a ten week training period of running and· walking, the 
P.W.C. of eight male subjects was determined on the treadmill, 
using the method of gradually increasing work. The object 
was for each individual to run for 1, 5, 12, 20 and 30 minutes 
on different days, covering the furthest distance possible 
in·each run. For each of these runs. the average velocity 
was calculated and expressed in oxygen requirement. After 
completing the test the oxygen requirement was compared with 
the value for ~02 max. obtained on the treadmill test, to 
establish a closer correlation between running (field) and 
treadmill performance. 1,1 In Balke' s previous research, 
(unpublished) a 'comparison of treadmill against running 
'performances was made in trained subjects and also in nine 
sedentary untrained males. The amount of oxygen required 
• per unit time in a two mile run was compared with the V0 2 max. 
in the treadmill test. Finally the same procedure was 
undertaken with thirty four high school boys, but the time 
limit was fifteen minutes and the boys were instructed to 
cover the greatest distance possible in that time. 12 The 
results obtained on the treadmill could be compared with 
the results obtained in runs of approximately 10 to 20 minutes 
duration. 13 This length of time was necessary to produce an 
average pace which indicated most closely their aerobic work 
capacity. Measurements taken during shorter running times 
indicated that the majority of the work was done anaerobically. 
Running longer than twenty minutes resulted in a performance 
inferior to that on the treadmill, averaging about 9 per cent 
below the maximum capacity for oxygen intake. In seven out 
of nine subjects the performance criterion for both tests 
"checked" ,within a range of.± 5 per cent and only in 2 subjects 
was the running performance about 7 per cent lower than the 
treadmill performance. The average V02 max of the 34 high 
school boys was 43.6 ml/Kg.min on the treadmill test and 
11 B. Balke, "A Simple Field Test for the Assessment of 
Physical Fitness", Cari Report. Oklahoma City: Civil 
Aeromedical Research Institute, Federal Aviation Agency, 
63.6.1-8, September, 1963. 
12Ibid., p.2. 
13Ibid., p.3. 
1.7 
44.4 m]jKg.min in the 15 minute run. Nevertheless, a few 
boys performed better in the running test than was predicted 
from the objective trea~~ill test. 14 Balke pOints out, that 
a certain 02 debt is sustained during all working periods 
and this will obviously be a consideration where sprint 
type finishes in distance races are necessary. He fUrther 
states that, in worlc periods exceeding 12 to 15 minutes, the 
anaerobic phase becomes of diminishing importance for the 
total work output, accounting for not more than about 5 per 
cent of the totally required amounts of oxygen. 
Further, according to Balke, since only the assessment 
of the aerobic work capacity is useful as a realistic measure 
of the potentially available fUnctional reserves, the duration 
of a physiologically meaningful field test should be at least 
12 minutes. The best correlation between the measurement of 
• V02 max in the laboratory and the comparable criterion 
established from a field test was found when the distance 
running test was 12 to 20 minutes duration. 15 In the 
15 minute run, the subjects started separately, and motivation 
may have proved not as satisfactory as that provided for 
group homogeneous running. The subjects were instructed to 
start relatively slowly and to settle after two to three 
minutes into a pace they thought suitable for covering the 
entire distance. The initial speed of running is partly 
governed by the physiological condition of the performer. 
Possibly, the better conditioned performer may need to go off 
at a faster pace to cover his greatest possible distance in 
15 minutes continuous running. Two to three minutes, however, 
14rbid., p.5. 
15Ibid., p.7. 
may be too long to arrive at a settled pace. According to 
Daniels,16 successful olympic runners (middle distance) have 
• 
a tendency towards a faster attai~~ent of their V0 2 max 
during initial running 'speeds. This factor might be 
applicable to high school boys pa'rticularly the better 
distance performers, and possibly a selection on alternate 
criteria for pacing should have been used particularly in 
the early part of the run. Further research would be 
necessary to establish the reason for this adjustment. 
The next major development, in applying the measurement 
• 
of V0 2 max to distance covered by running in certain times, 
must be attributed to K. Cooper. 17 He instructed 115 United 
States Air Force male Officers and Airmen to run as far as 
• they could in 12 minutes. Their V0 2 max was also measured 
on the treadmill, under laboratory conditions. The average 
age of the sample was 22 years (range 17 to 52 years) • 
• The time between the measurement of V02 max on the treadmill 
and the twelve minute run was no longer than three days. 
In the analysis of data, the distance run in 12 minutes was 
regressed against maximal oxYgen consumption, rather than 
the reverse, because of the important aspect of motivation 
in field testing. From the regression equation a good 
• 
estimate of V0 2 max can be made on the basis of 12 minute 
16J • T. Daniels, "Aerobic and Anaerobic Performance 
Ch racteristics of Cham ion Runners at Sea Level and Moderate 
Attitude" unpublished Doctor s dissertation, University of 
Wisconsin, 1969), p.113. 
17K• H. Cooper, "A Means of Assessing Maximum OxYgen 
Intake", Journal of the American Medical ASSOCiation, 203: 
201-204, January, 1968. 
performance. Because of the time involved in large scale 
testing, an interpolation from the 12 minute test was made, 
and a performance rating established on the basis of the 
time required to walk and or run 1.5 miles. Cooper adjusted 
the distance time reqUirements because of the effects of 
ageing on performance. He found a positively high 
correlation r = 0.897 b'etween V0 2 max and the distance run 
in 12 minutes. 18 Nevertheless his fig. 1. indicates that 
• 
with a running distance of 1.6 miles, V0 2 max could range 
from 40 to 52 ml/Kg.min so that a subject could, therefore, 
emerge from his fair, good or excellent categories resulting 
in the standard error of the V02 max prediction to be at 
least 14 per cent. 19 
According to G. R. Cumming, these results are possibly 
no better than could be achieved oy use of height, weight, 
and 
run 
skin fold data, also to predict distance that could be 
in the same time. 20 The weight of the servicemen, in 
19 
this study, ranged from 52 to 123 Kg, and it is understandable 
• that fat men had both a low V02 max per Kg, and a low 
12 minute run distance. Fat, of course" cannot contract or 
process oxygen and is a hindrance to running performance. 
18.D219.., p. 201. 
19.D219.., p.202. 
20G• R. Cumming, ~'Correla tion of Physical Performance 
wi th Laboratory Measures of Fi tness", Frontiel's of l"i tness 
Ed. R. J. Shepherd, (Illinois: Charles C. Thomas 1971), 
,p.p. 272. 
20 
A continuation of Cooper's work was done by Doolittle, T.L., 
and Bigbee, R. who investigated the distance covered by 
running in 12 minutes as an indicator of cardiovascular 
fitness, and made a comparison in this respect with the 
• 600 yard run-walk test •. The 
the 12 minute test was 0.90, 
correlation between V02 max and 
and with the 600 yard run-walk 
test 0.62. This indicated that the 12 minute run-walk test 
was a more valid indicator of cardiorespiratory fitness than 
the 600 yard run-walk test. This gives support to Cooper's 
twelve minute test as a valid predictor of aerobic capacity, 
although there are still many limitations, such as running 
efficiency in terms of oxygen utilisation, for which this 
twelve minute run does not cater. 
• Ribisl and Kachadorian found that .V02 max was highly 
related to performance time on a 2 mile run. Correlations 
of 0.85 and 0.86 were observed for young and middle-aged 
males. Both groups were moderately well trained. The 
two-mile run, for best time achieved, was the only 
performance measure taken on the middle-aged group of men. 21 
According to Mathews and Fox, the two mile run has 
approximately a 4~fo anaerobic component if run in nine 
minutes. Based on this assumption, two miles may be a 
less than optimum distance for aerobic prediction, 
particularly with highly trained young distance runners, a 
factor which did not apply in Ribisl's and Kachadorian's work. 22 
21p. M. Ribisl, and W. A. Kachadorian, "Maximal Oxygen 
Intake Prediction in Young Middle Aged Males", Journal of 
Sports Medicine and Physical Fitness, 9.17 - 22, March, 1969. 
22 D. K. Mathews and E. L. Fox, 
of Physical Education and Athletics 
Company, 1971), p. 19. 
The Physiological Basis 
(London: W. B. Saunders 
<'1 , 
• Wiley and Shaver measured the V02 max and two mile run 
time in untrained adults (18 - 25 years).23 The correlation 
between the two was 0.47, which is much lower than that 
reported by Cooper, Ribisl and Kachadorian. A promising 
new development in the area of predicting performance was 
instigated by Klissouras24 in that he found that genetical 
differences largely account for existing differences in 
• V02 max, and that extragenetic influences can alter the 
• level of V0 2 max but only to a limited extent set by the 
genotype. He determined the maxL~um aerobic power on 
thirty pre-adolescent boys. Twenty four of these thirty 
boys participated in the maximal oxygen uptake and a 
performance test. The performance test consisted of 
running one kilometre as fast as possible. Performance 
time for a one-kilometre run was found to be markedly 
closer between pre-adolescent monozygous twins than between 
dizygous twins. (30 subjects). These conclusions together 
• 
with similar findings on V02 max led Klissouras to consider 
the speed for running one kilometre (best effort), as a 
predictor of V02 max in pre-adolescent children. The 
correlation coefficient between observed and estimated 
V02 max was 0.93. According to Klissouras this test can be 
used, to make a reasonable assessment of an 8 - 13 year old 
Child's potential athletic performance which is dependent 
• upon V02 max. This research appears to be a valid attempt 
to predict maximum aerobic power in pre-adolescent youngsters, 
23J • F. Wiley, and L. G. Shaver, "Prediction of Maximal 
Oxygen Intake from Running Performances of untrained young men", 
Research Quarterly, 43: 89-93, March, 1972. 
24y. Klissouras, 
with Special Reference 
Medicine, 13. 100-107, 
"Prediction of Potential Performance 
to heredity" Journal of Sports 
June, 1973. 
which could be important for coaches and teachers concerned 
with distance running performance for pre-adolescents. The 
. . 
correlation coefficient between performance time and V0 2 max 
22 
is-O.93 which is statistically significant. 25 The standard 
error of estimate is (9.8 sec • .±). Consequently the author 
states he can be 95 per cent confident that a pre-adolescent 
boy, with a v02 max of, for example 50 mJ/Kg.min, may perform 
a one-kilometre run anywhere between 4 minutes 56 seconds and 
5 minutes 34 seconds. This, however, appears to be quite a 
wide time span if used for predicting athletic performance 
in eight to thirteen year old boys. Despite this the 
research is both significant and impressive. However, one 
should also be aware that the training potential of V0 2 max 
was not measured, so that longitudinal stUdies along these 
lines would be necessary to make such predictions more 
physiologically meaningful. Also, combinations of 
physiological variables wOUld need to be examined in 
considerable detail before performance predictions could be 
accepted as valid, because of the interaction of such 
variables in affecting performance. 
In 1972, Baker, J. and Sleights, R. tested 20 male 
physical education students and examined the relationship of 
their V02 max l/min and the maximum distance 
16 minutes. The correlation between the two 
25Ibid., p. 103. 
26 J. Baker, and R. Sleights, 
they ran in 
26 
was 0.97. 
Ca acit and its Inter-Relation with certain Res irator 
Parameters", Unpublished Teacher s .certificate dissertation, 
West Midlands College of Education, 1973), p.103. 
Maksud, M. G. and.Coutts, K. D. (1971)27 found a 
r = 0.65 between a 12 minute run-walk performance test 
• 
and V0 2 max on subjects between the ages of 11 to 14. 
(17 subjects). Although the correlation coefficient was 
statistically significant, the authors claim that caution 
should be exercised in attempting to predict aerobic 
capacity from run-walk performance with young subjects. 
In 1973 Costill, D. L., Thomason, H. and Roberts, E.28 
23 
tested sixteen trained runners to determine the relationship 
between selected metabolic measurements and distance running 
performance. They found an r =-0.91 between V02 max mJ/Kg.min. 
and performance 1n a 10 mile road. race. At a speed of 
268 m./min on the treadmill the % V0 2 max and % max heart 
rate were found to be highly related to distance running 
performance r =-0.94, and 0.98 respectively. The study 
indicated that successful distance runners are able to emp·loy 
a larger fraction of their aerobic capacity with minimal 
accum~lation of lactic acid. Katch, F.I., Pechar, G.S., 
McArdle, W.D. and Weltman, A.L. (1973)29 in studYing the 
relationship between individual differences during steady 
pace endurance running and ~02 max, have stressed the need 
for further research to determine optimal pacing requirements 
and test durations of running endurance performance •. 
27M• G. Maksud, and K. D. Coutts, "Application of the 
Cooper 12 min. run test to young males", Research·Quarterly, 
42: 55-59, 1971. 
28D• L. Costill, H. Thomason, and E. Roberts, "Fractional 
utilization of the Aerobic Capacity during Distance Running", 
Medicine and Science in Sports, 5.4: 248-252, 1973. 
29F• I. Katch, G.S. Pechar, W.D. McArdle, and A.L. Weltman 
"Relationship between individual differences in a steady pace 
endurance running performance and max. V02", Research QUarterly 44. 206-215, 1973. ' 
Finally in evaluating the ability o~ athletes to run 
certain distances in set times, the work o~ Knowlton and 
Gi~~ord, 1972, should be considered. 30 The investigators 
aim was to determine the e~~ects o~ goal orientation in 
aerobic ~ield tests, on maximum per~ormance o~two groups 
o~ subjects, equated on cardiovascular ~itness. Following 
the determination o~ aerobic capacity in the subjects, the 
~irst group was instructed to cover the maximum distance 
possible, in 15 minutes, by running on a 440 yard oval track. 
The second group was then instructed to run (mean distance 
covered by ~irst group) in a minimum time. No knowledge 
be~orehand. Each o~ the subjects was tested individually 
to ensure that per~ormers could not evaluate others 
per~ormance results. Neither encouragement nor instructions 
was given other than cumulative interval 440 yard times; 
Subjects were not allowed to participate in both tests. 
The investigators assumed that per~ormers who were equated 
by aerobic capacity would possess equal ability and 
willingness to tax aerobic potential when undergoing the 
~ield tests. The study dealt with twenty untrained college 
males. Knowlton and Giff'ord claim that: 
1. Subjects underachieve when presented with distance 
measured tasks as compared to time measured tasks. 
2. That as applied to inexperienced subjects, the more 
appropriate field test ~or aerobic capacity, utilising 
locomotion, requires energy expenditure over a 
stipulated distance and to be toured in a minimum time. 
30R• G. Knowlton and P. B. Giff'ord, "An Evaluation o~ 
a Fixed Time and a Fixed Distance Task as Per~ormance 
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Measures to Estimate Aerobic Capacity", Journal o~ Sports 
Medicine and Physical Fitness, 12 (3): 163-170, September, 1972. 
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Firstly, the per~ormers ran individually, and were untrained 
subjects. It is very unlikely that they would exert 
themselves maximally as indeed may be the case when 
competition o~ equal per~ormance criteria is used. Secondly, 
it is unrealistic to suggest that subjects, directly matched 
on aerobic capacity, possessed equal ability and willingness 
to tax anaerobic potential, as indeed anaerobic .power may 
vary considerably, particularly in an untrained sample. 
These researchers concluded that the use o~ an appropriate 
~ixed distance task is pre~erable to·a fixed time task when 
running is used as a maximum achievement test to relate to 
• V0 2 max. 
It is difficult to agree, on the basis of this study, 
that a goal set to a given time restricts a true maximal 
per~ormance. It is questionable, if in either a fixed time 
or a fixed distance whether, in fact, a true maximal 
performance can be obtained with so many opposing variables 
to control. 
c. Literature Concerning a Relationship between Dynamic 
Lung Parameters in relation to Athletic Per~ormance. 
Probably one o~ the most comprehensive studies undertaken 
dealing with the relationship between selected measures o~ 
pulmonary function and cardiovascular ~itness as measured 
• by V02 max, was that o~ Kelly, 1969. This study was limited 
to 35 male volunteer subjects, aged 20 to 30 years. Kelly's 
work showed that the forced expiratory volume in one second 
was the only ~unctional pulmonary measurement that was 
• • 
signi~icantly related to V02 max. The criterion, V02 max 
I/min gave an r = 0.35 with FEY 1.0 sec. signi~icant beyond 
• the .05 level of confidence. When V02 max was expressed 
in mJ/Kg,min the correlation 0.1+6 was sitOnif'icant beyond 
the .01 level of' conf'idence. The correlation, however, 
was not signif'icant after the body size measurements were 
extracted from the relationship. Also, the regression 
eCluations, derived from six multiple correlations, were 
not adeCluate for the prediction of V02 max. 31 It is of 
interest to note that no combination of several pulmonary 
measurements provided a meaningful regression eCluation for 
the prediction of V02 max. Kelly stresses, furthermore, 
that if selected pulmonary measurements are used to assess 
cardiovascular fitness, extreme care should be exercised 
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in interpreting the results, because of' the poor relationship 
between the two. 32 No functional pulmonary measurements, 
either singular or collectively with V02 max can 
apparently be considered a valid measure of cardiovascular 
fi tness wi thin themselves. 33 McKethan and Mayhew, 1972, 
studied 24 subjects from Appalachian State University. 
Vi tal Capacity, Body Surface Area, VC/BSA, Weight, VC/Wt 
and Height (VC/Ht) and the time to run 2 miles were calculated. 
31 , J. M. Kelly, 'The Relationship between Selected 
Measures of Pulmonary Function and Cardiovascular :8'i tness", 
(unpublished Doctor's dissertation, Springfield College 
Massachusetts, 1969), p. 113. 
32 
Ibid., p. 144. 
33 
Ibid. 
Table 11 gives the results ot' this research. 
TABLE II 
FUNCTIONAL LUNG PAHAlviET.t:HS IN HELATION TO 
A TWO MILE RUN 
PARTIAL CORRELATIONS 
34 
Vi tal Capacity wi th Two mile rml time 0.029 
Vi tal Capaci ty/BSA ratio with two mile run time -0.288 
Vital Capacity/Wt ratio with two mile run time -0.593 
Body Surface Area (BSA) with vital capacity 0.742 
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This research reinforces the view that vital capacity 
must be related to body size in order for it to be a meaningful 
index of fitness, when related to distances run. As a 
continuation of this work in December 1972, Mayhew subjected 
five trained members of a track team to assess the 
anthropometric and physiological variables contributing to 
three-mile run time. Vital Capacity, Vital Capacity Residual, 
Maximum Breathing Capacity, Average Pulmonary Ventilation, 
skin folds taken at the triceps, abdomen, and chest, and 
haemoglobin measurements were recorded. These measurements 
were correlated with the time to run three miles. The low 
34J • L. Mayhew and R.McKethan, 
Capacity and Selected Anthropometric 
run time", British Journal of Sports 
April, 1972. 
"Relationship of Vi tal 
Variables to two mile 
Medicine, 2: 48, 
per cent body ~at was similar to other ~indings by 
Costill, 1967, in athletes during a hi~hstate o~ 
training. 35 
The Maximum Breathing Capacity (171.0 I/min) was 
similar to the value for average collegiate runners 
(156.0 I/min). There was no signi~icant relationship 
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r = -.093 between maximum breathing capacity and the 
three-mile run, contrary to the findings of Costill, 1967. 36 
A high correlation 0.790 was shown between vital capacity 
residual and running performance which agreed with the 
opinion o~ Cureton 194737 but did not coincide with the 
1972 findings o~ McKethan and Mayhew, who used the vital 
capacity/body sur~ace area ratio. 38 Some o~ the ~actors 
in this study, in relation to distance running per~ormance, 
such as vital capacity reSidual, show a high correlation 0.790. 
Nevertheless, poor physiological predictive criteria could 
be used to determine success in three mile running. 
Furthermore, as only ~ive subjects were used for this study 
limited physiological interpretation can be applied. As a 
continuation of the previous work by Mayhew and McKethan 1972, 
which demonstrated vital capacity was highly related to 
35J • Mayhew, "Casual Analysis o~ Distance Running 
Performance", British Journal o~ Sports Medicine, 3-4: 
129-134, December, 1972. 
(St. 
36 11219:., p. 132. 
37T• K. Cureton, Physical Fitness Appraisal and GUidance 
LOUis: C. V. Mosby, 1947). 
38McKethan, and Mayhew, .l.2.c .... tlL 
anthropometric measurements and insignificantly related. to 
endurance performance, .. further analysis on the same data 
revealed that an association between lung volume and 
endurance performance may be present, providing that other 
variables were controlled statistically. Substantial 
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increases in the accuracy of predicting endurance performance 
were shown when anthropometric variables were combined with 
vital capacity. When anthropometric measurements were held 
cons tan t, vi tal .capaci ty became signif'ican tly related to 
endurance performance. In 1969 Cumming carried out a 
comprehensive survey of pulmonary !'unction and athletic 
performance in several track and field events. He tested' 
vital capacity (VC) mean expiratory flow rate (MMEF) and 
maximum voluntary ventilation (MVV) on 55 boys and 48 girls, 
13 - 17 years of age, using a computerised wedge spirometer. 
There was no significant correlation between athletic 
performance and VC or MMEF, when body size was taken into 
consideration. Significant correlations were found in the 
boys between MVV and 100 yard run 0.54, hurdles 0.56, 
shot put 0.54, and decathlon score 0.54.39 The major point 
of interest here is that there was a significant correlation 
between hNV and the performance of boys in the 100 yard dash, 
the hurdles, and the shot put, yet not in the 880 yard. run. 
Although the 880 yard run is largely anaerobic 
(65% approximately), it obviously possesses a higher aerobic 
component than the 100 yard run which is theoretically 
10q{Qnaerobic.40 As Cumming states, the MVV in the 100 yard 
39G• R. Gumming, "Correlation of AthletiC Performance 
with Pulmonary function in 13 to 17 year old Boys and Girls", 
Medicine and Science in Sports, 1: 3. 140-143. September, 1969. 
4Cuathews, Fox. loco cit. 
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sprint and the shot put is not utilised as, essentially, the 
breath is held in both these events. Alternatively, although 
a positive correlation was obtained between these measurements, 
the physiological reasons for such correlations seems obscure. 
d. Literature concerning a re~ationship between sports 
performances and certain cardiorespiratory functions 
related to aerobic capacity. 
In evaluating work which deals with aerobic capacity and 
performance Ishiko has studied the relationship between sports 
perfo~nance and certain cardiorespiratory functions related to 
aerobic capacity. The subjects comprised three groups, 
namely: 
1. Candidates for the Tokyo Olympic Games. 
2. Track and field athletes, and 
3. Oarsmen. 
The subjects in (2) seventeen intercollegiate track and 
field athletes aged 18 - 21, worked on a bicycle ergometer. 
The two sub groups used were: 
1. Eight long distance runners, and 
2. Nine non-distance runners including jumpers and throwers • 
• During the testing the V02 max, heart rate, oxygen pulse, 
and ventilatory equivalent were ~easured. The V02 max of the 
long distance runners was 2.5 I/min (45.3 mJ/Kg.min) while the 
non runners was 2.0 I/min (34.4 mJ/Kg. min). The best time for 
their 5000 metre run was correlated with several cardio-
respiratory functions. The maximal oxygen intake correlation 
with best time for 5000 metres was -0.043, and, when expressed 
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on the basis or body weight, became statistically 
significant -0.668. 41 Interestingly, the vital capacity 
had no significant correlation with the best time in the 
5000 metres. The continuation of Ishiko's work concerned 
rowing performance and physiological fUnctions in oarsmen. 
Ishikostudied the relationship between the rowing perrormance 
'or 13 crews and several cardiorespiratory fUnctions. Vi tal 
capacity was the only such measurement that was signiricantly 
correlated with rowing perrormance -0.713, unlike the results 
of his previous work with runners. 42 It is or interest that 
• 
a signiricant correlation existed between max V02 (ml/Kg4min) 
-0.668 and best time for 5000 metres43 particularly as some 
of the 1973 sample tested by the author covered nearly 5000 
metres in sixteen minutes running, and it is envisaged that 
some of the author's 1974 soccer sample will cover similar 
distances. Ishiko round that strength correlated higher with 
rowing perrormance than aerobic capacity, and leg strength, 
although not measured in the author's investigation, may need 
consideration in fUture research regarding distance run, where 
leg strength may be one contributing ractor in endurance running 
perrormance. Finally, the abnormally low aerobic capacities 
or the distance runners may be due to lack of motivation, a 
view put rorward, indeed, by Ishiko himself. 
41 T• I schiko , "Aerobic Capacity and External Criteria or 
Performance", Calli!lli.l!n Medical As,sociation Journal, 96: 746-749, 
March, 1967. 
42Ibid., p. 748. 
43Ibid., p. 747. 
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e. Literature concerning a relationship between maximum 
oxygen debt and running performance. 
Henry and Berg 1950, demonstrated a correlation o~ 0.30 
on a sub maximal debt exercise and the time to run 300 yards. 
Although not statistically significant, (N = 9), the relation 
is suggestive. Identical tests with a basketball squad (N = 14), 
resulted in a correlation of 0.42 with 300-yard time, 0.34 with 
150-yard time, and 0.28 with 75-yard time. 44 
In 1953 Van Huss and Cureton found a correlation of 0.34 
between 100-yard swimming performance in forty one subjects, 
and max O2 debt measured following a maximal swimming test. 
A correlation of 0.34 was also found between max O2 debt and 
440-yard swimming times for these same subjects. 45 Volkov et al 
showed a low positive correlation between sprint performance 
with maximum aerobic power and similar low correlations 
between distance performances and maximal anaerobic capacity.46 
Katch and Henry 1972 examined the relationship between.estimates 
of max O2 Debt, aerobic power, 100-yard sprint and 2 mile times 
. in 35 college men, average age 21.4 years. The estimated max 
debt averaged 4.89 litres net, max V02 intake was 3.34 r/min, 
2-mile time was 13.73 min, and the 100 yard sprint time was 
12.4 sec. The correlation of 2-mile performance with max debt 
• was 0.31 and with max V02 0.55. The multiple correlation to 
44p.. M. Henry, and W. E. Berg; "Physiological and 
Performance Changes in Athletic Conditioning", iTournal of 
Applied Physiol~, 3: 103-111, August, 1950. 
45w. D. Van Huss, and T. K. Cureton, "Relationship of' 
selected tests with Bnergy Metabolism and Swimming Perf'ormance". 
Research ~uarterly, 26. 2. 205-221, May, 1953. 
46yolkov, et. al. Proc. World Congr. Sports Med. Hanover, 
Germany, 1966. 
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• predict running performance was 0.57 using debt and !lax V02 • 
Adding the body weight variable increased r only slightly 
to a.58.For the 100 yard sprint the correlation was -0.01 
• 
with max debt and -0.10 with max V02 • The multiple correlation 
using debt and max V0 2 to predict 100 yard sprint time of 
0.20 was not improved by adding body weight. 47 It is of 
interest that few studies, if' any, apart from those previously 
discussed here, have considered that the maximum 02 debt may 
play a part in distance performa~ce success. Also, Katch 
and Henry emphasise that ef'fective·prediction of individual 
differences in 2 mile running and sprint performances require 
• 
more than measured values of max debt and V02 max. 
Psychological factors, such as motivation and pain 
tolerance, are stressed as being important variables by these 
authors •. Katch and Henry 1972 also stress that neuro-
physiological f'actors may be important contributing elements 
in anaerobic energy stores, of which little is known, and 
that the 02 debt may not be a valid estimate of anaerobic 
energy stores. 48 
Miller 1968 states that "The significance of the oxygen 
debt is uncertain". Following a period of' strenuous muscular 
exercise, there is a period during which the oxygen consumption 
is elevated above the resting level, but the relation of this 
excess oxygen consumption to the chemical reactions which take 
place during the period of exercise is far from clear. 49 
47V• Katch, and F. M. Henry, "Prediction of Running 
Performance from Maximal Oxygen Debt and Intake", Medicine and 
Science in Sports, 4: 187, Winter, 1972. 
48 l.l&9:., p. 190. 
49 A. T. Miller, Energy Met1!boli S)11 (Philadelphia: 
.F. A. Davis, 1968), p. 38.. . 
f. Literature concerning a relationship between selected 
laboratory measurements and distance running performance. 
In 1964 Rasch, P. J., and Wilson, I. D., ran 14 highly 
trained marines over three miles, in the fastest possible time, 
with marching packs. These results were correlated with 
running three miles without gear and with scores obtained 
in three laboratory tests, namely the Harvard Step Test, 
HarvardTreadmill Test, and the Balke Treadmill Test. 
According to the authors, the correlation between. the Balke 
test and time for running three miles with pack -0.76 is 
significant enough to justify use of this test in laboratory 
situations. Low correlations between each of the tests were 
observed. 50 This study, al though concerned with mili tary 
personnel, is an attempt to look at the effectiveness of three 
basic tests in relationship to endurance performance, as 
measured by running performance. It is worthy of consideration 
because it shows the difficulties encountered in applying 
laboratory measurements which are physiologically meaningful 
to field running situations. 
Costill 1967 tested seventeen members age 18.0 - 23.2 
years of the Cortland State College cross country team on a 
battery of sixteen test items, which he compared with the 
average time required to run a 4.7 mile cross country course. 51 
Similar test items to the author's research, were: 
(a) Height, gross body weight, per cent of body fat. 
(b) Respiratory function. (vital capacity), maximal breathing 
capacity, and maximal oxygen uptake and haemoglobin. 
50p• J. Rasch, and I. D. Wilson, "The Correlation of 
Selected Laboratory Tests of Physical Fitness with Military 
Endurance", Military Medical, 129: 256-258, March, 1964. 
51 D• L. Costill, "The Relationship between Selected 
Physiological Variables and Distance Running Perfornlance", 
Journal of Sports Medicine and Physical Fitness, 7. 61-66, 1967. 
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Costill f'ound that although no relationship existed 
between height and distance running perf'ormance, the better 
runners are signif'icantly lighter and appear to possess less 
body f'at. He also f'ound a negative relationship between 
distance running perf'ormance and vital capacity. Nevertheless, 
Costill f'ound that the better runners are voluntarily capable 
of' f'orcibly moving larger volumes of' air, as measured by M.B.C. , 
per body surf'ace area. This correlated 0.483 with distance 
running perf'ormance. The V02 max r/min and ml/Kg.min showed 
a direct relationship with running perf'ormance of' 0.591, and 
0.832, signif'icant beyond the .02 and .01 level of' conf'idence, 
respectively. 
g. Summary and Implications. 
Several investigators (Balke 1963, Rasch and Wilson 1964, 
Ishiko 1967, Costill 1963, Cooper 1968, Doolittle and Bigbee 
1968, Ribisl and Kachadorian 1969) have reported signif'icant 
• 
correlations between V02 max and distance running perf'ormance, 
indicating that a high aerobic power is associated with 
successf'ul circulo-respiratory perf'ormance, as measured by 
distance running. Nevertheless, there are no studies where a 
comprehensive battery of' physiological measurement such as 
• V0 2 max, max 02 debt, haemoglobin, dynamic lung !'unction 
measurements, anthropometric indices have been studied in 
relation to aerobic distance running perf'ormance. 
Kelly 1969 has shown that f'ew physiological meaningf'ul 
• 
relationships exist between V0 2 max and pulmonary !'unction 
measurements, while McKethan and Mayhew 1972, have demonstrated 
that vital capacity/Wt ratio however was signif'icantly related 
to 2 mile run time 0.593, but, as previously stated, a 2 mile 
run is not predominantly aerobic in nature.> When a three mile 
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run was used by Mayhew, with five trained members of a track 
team, a correlation of 0.790 was shown between vital capacity 
residual and running performance. Cumming 1969, although 
demonstrating positive relationships between the MVV and 
time for 100 yard sprint, has failed to obtain similar results 
in runs of longer duration. Katch and Henry, 1972, obtained 
a correlation of 0.31 between 2 mile performance and max 02 
debt, but the multiple correlation to predict running 
performance using V02 max and max 02 debt was only 0.57 and 
could not be used for predictive purposes, whereas 
Chaloupechy 1972, although demonstrating a positive 
correlation between maximum breathing capacity and maximum 
02 debt, failed, with three short laboratory tests and one 
field test, to predict oxygen debt capacity from the results 
of these tests. 52. It is apparent that apart from Klissouras' 
work 1973, few studies have used speed of running to predict 
physiological parameters or vice versa53 and it is hoped that 
this study may enable the author to predict average running 
speed of a group ove~ 16 minutes from a matrix of selected 
physiological measurements. By using an endurance run, in 
relation to certain physiological variables, the essential 
components necessary for a high cardio-respiratory capacity 
in a group may also be indicated. Since this section was 
• 
written P. B. Raven et al have reported average V0 2 max values 
of 58.4 m~Kg.min. on a professional soccer team in. the North 
American Soccer League.(NASL). The group also undertook 
K. Cooper's 12 minute run, but unfortunately the correlation 
• between V02 max m~Kg.min and the run is not given 
(Reference in bibliography). 
52 . R. M. Chaloupecky, "An EValuation of the Validity of 
Selected Tests for Predictin Maximal Ox en Debt" (unpublished 
Doctor s dissertation, Oklahoma State University, 1972. 
53Klissouras, .2:Q. cit., pp. 103. 
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C H APT E R I I I 
PROCEDURES 1973-71+-75 
CHAPTER HI 
PROCEDURES 
Source of the Data - 1973-74-75 sample. 
Thirty seven male participants in the sports of 
football, rugby, hockey, and cross-country volunteered as 
subjects ~or the first part of this study (1973). All were 
first team members of their respective teams, being in an 
advanced state of training at the time of testing, and 
between the ages of eighteen and twenty three years. 
All subjects had passed satisfactorily a medical 
examination prior to entering the West Midlands College 
of.Education. The subjects for the second major part of 
this study in 1974 were thirty nine male volunteer subjects 
from Birmingham Football Club, Walsall Football Club, 
St. Peter's College of Education, Birmingham, and the 
West Midlands College of Education, Walsall. All were 
soccer players with first team experience and were between 
eighteen and twenty five years of age. The mean height and 
weight for the 1973 sample was 178.4 cm and 73.8 kg 
while for 1974 it was 175.4 cm and 72.5 kg respectively. 
In 1975 a sample of eleven subjects from the Midlands 
Colleges football squad were assessed in order to validate 
the research of 1974 and substantiate the predictive 
formulae for the sixteen minute run. Identical testing 
procedures were adopted as for previous testing, using the 
same testing eqUipment and several of the same testing team. 
Finally, the testing guidelines for the subjects were 
also the same as for 1973/74 with the exception of time 
between the two runs and exercise taken twenty four hours 
prior to testing. As for the 1973/74 samples, five 
technicians were used for measuring oxygen consumption 
and factors associated with it. 
Organisation of the Study 1973 sample 
The criterion to assess endurance capacity was the 
sixteen minute run which was undertaken on two occasions 
by all subjects. Measurements were selected that were 
appropriate for the study of the relationships between 
cardiovascular fitness potential, pulmonary function, and 
body composition. A maximum oxygen uptake test was used 
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to assess cardiovascular fitness potential. During this 
measurement (a) the time to. reach a respiratory steady state, 
(b) the time a subject could maintain a respiratory steady 
state, and (c) the proportion V02 max. the subject utilised 
at varioua workloads on the Muller bicycle ergometer 
were measured. 
In addition to these measurements the cardiac two min. 
index was also calculated, this being the drop in heart rate 
during two minutes following the cessation of.work on the 
bicycle ergometer. In all testing periods 1973174/75 the 
height, weight, and body surface area of each subject was 
measured. 
The pulmonary measurements taken were as follows: 
1. Forced vital capacity (FVC). 
2. Forced expiratory volume in one-half second (F~~ 0.5). 
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3. Forced expiratory volume in three ~uarters o~ a second 
(FEV 0.75). 
4. Forced expiratory vol~~e in one second (FEY 1.0). 
5. Maximum voluntary ventilation (MVV(37.5) = FEV 1 sec 
x 37.5).54 
Each o~ the pulmonary measurements .were repeated three 
times. On the last two attempts, i~ the difference between 
these tests was greater than the speci~ied limits of error of 
5 per cent,' an additional test was administered. The test 
repetition which failed to reach the specified standards was 
eliminated~ The average of the total number of repetitions 
for each test was accepted as the true value for that test. 
At least a ~ull morning was required to test each subject. 
All functional lung volumes were corrected to B.T.P.S. 
The body composition measurements were seven skin fold 
measurements, see page 73 and an overweight index based on 
the ~ormula:-
100 x body weight (kilograms) 
height (cm.) - 100 
Organisation of the Study 1974 S~~ple 
In 1974 all. pulmonary function measurements were taken 
with the addition of:-
1. Forced expiratory flow. 
2. Forced mid-expiratory flow. 
all measurements being corrected to B.T.P.S., except the F.E.F. 
and F.M.E.F. being recorded in A.T.P.S. 
A similar procedure to 1973 was adopted ~or the measurement 
of V0 2 max and related measurements with the addition of the 
breathing rate being recorded during the actual measurement of 
• V02 max. Haemoglobin measurements were also. taken on each 
5~. Cara, POUMON, 1.953. p. 406. 
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subject on two occasions and the mean was recorded. The 
same body composition measurements were taken as for 1973 
in the same manner as later described. The cardiac index 
was also recorded as for 1973. 
In order to assess endurance capacity the sixteen minute 
run was abain used, the actual run being undertaken by all 
subjects on two occasions. The furthest distance covered 
by each subject was used for predictive purposes. As a 
• tangent to the V02 max.measura~ents the max 02 debt on 
fifteen subjects was calculated, while riding from a 
starting load of 100 watts to exhaustion. The procedure 
for this measurement is described on page, 75 • 
Measurements taken 1975 sample. 
The following physiological parameters were measured 
in 1975:-
1. Height, weight, body surface area • 
• 2. V02 max. l/min. S.T.P.D. 
3. 1'02 max. mJ/Kg,min. S.T.P.D. 
4. Breathing rate taken for one minute during the V0 2 max. 
being measured for one minute. 
5. Bodycomposi tion (skin fold assessment).' 
6. Measurement of functional lung parameters, namely F.V.C., 
F.E.V. at 0.5s 0.75s and 1.0 second, F.E.F., and F.M.E.F. 
The M.V.V. was also calculated from, the F.E.V. 1.0 sec., 
as previously described. 
The procedures for calibration of all ,eqUipment were 
similar to 1973/74. These measurements were' selected because 
of their relationship to the sixteen minute run, and their 
relevance, either individually or collectively, to the 1974 
regression formulae. 
Equipment Used In This Study 
1973-74-75 
Muller Bicycle Ergometer 
'. 
The Bicycle Ergometer is used in examinations ~or the 
purpose of: 
1. Determination of the physical capacity o~ a person being 
tested. 
2. Investigation of the reactions of the body under known 
load of physical work. 
3. Physical Training. 
The wheel has a copper ring with a width of 4.5 mm which 
turns between the poles of two strong permanent magnets, 
aligned deeply into the gap between the two magnets. The 
power o~ the electric whirling current, generated by the 
turning o~ the wheel, and its bre.king ef~ect, vary with the 
position o~ the magnets. The field intensity o~ these 
magnets is of such reliable constancy, that the braking 
resistances at various pOSitions of the magnets, (i.e. the 
working load imposed on the test person) can be engraved on 
a Scale. The number o~ rotations in a certain time is just 
as important as the constancy of braking. To assist the 
test subject, a pace maker is attached to the ergometer on 
which a small cyclist is to be seen riding in a semi-circle. 
The bicycle ergometer used in this study was ~rnished 
with gears ~or 30,45, 75, and 90 revolutions per minute. 
It has a large scale and calibration values for ~ive rates 
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of rotations. The loads are calibrated in mkp/sec. The 
ergometer is equipped with a disc on the one side and this has 
a calibrated scale printed on it corresponding to the required 
pedalling rate which has been selected. 
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There are four scales on the disc, and for this 
particular study a 75 pedalling rate per minute was used. 
On the scale disc, the pedal fre~uency is indicated. From 
the work load 75 mkWs = 1 PS = 736 watts the work can be 
calculated in watts. (1 mkp/s = 9.813 watts, 25 mkWs = 245.33 
watts.). It can be concluded from this that 180 mkp/s on 
the disc is actually 176.634 watts. 
Singer GAS Meter (DT 115). 
This Dry Meter will safely pass a maximum of 115 cfh of 
air, at ~" water column differential. This value is the 
recommended maximum hourly rate expressed in standard 
cUbic feet at base pressure of' 14.73 p.s.i and atmospheric 
pressure of 14.4 p.s.i· and a flowing temperature of 60°F. 
This particular meter is recommended for use between 
200 F and 1200 F for the best mechanical operation. The 
protected,. but uncovered, dial is approximately 6" in 
diameter and reads a total of 10 litres with numerical 
markings at each litre, and sub-markings at each 
100 millilitres. Four small cumulative dials permit 
total readings up to 10,000 litres. The maximum working 
pressure is 5 PSIG and .i ts capacity is 115 C. F.H. This gas 
meter is extremely accurate at low flow rates and with 
relatively steady flow rate. 55 
Parkins on Cowan. CD4 Dry Spirometer. 
This steel meter has an interior, with a bellows type 
mechanism, which is permanently lubricated with low friction 
phenolic valves. The dial records 10 litres per revolution, 
55A Catalogue of Pulmonary Function Testing Instruments 
and Related EqUipment - Braintree, Massachusetts, Warren E. 
Collins, Inc. p. 1 - 31. 
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" 
with a maximum hourly capacity of 11,000 litres. The meter 
has an accuracy to within plus or minus 1%. Fitted to the 
top of the meter, under a removable bezel, the index dial 
indicates 10 litres per, revolution, while a small subsidiary 
dial registers up to 100 litres. 
Modified Otis-McKerrow Valve 'us~d in 1973 Study). 
This high velocity, low resistance valve was designed 
for situations where high flow rates are encountered and 
flow resistance must be;kept to a minimum. The manufacturers 
claim it is particularly suitable for maximal breathing 
capacity determinations, for expired gas collection during 
severe exercise, and for stUdies of the oxygen cost of 
breathing. The very low resistance is mainly due to ,use of 
two 'J' Valves in both inspiratory and expiratory circuits. 
The valve is made entirely of transparent acrylic plastic. 
The valve seats are carefully ground and have a circular 
groove for secure seating and unchanging tension of rubber 
'J' Valves. Openings 1-/i" I.D. and 1~" O. D. The dead space 
with the centre Vane is,115 cc and without Vane 210 cc. 
The rubber disc valves tend to expand with continual use and 
care has to be taken to avoid this by periodical replacement. 
Triple 'J' High Velocity Valve (used in 1974 Study). 
This valve is of cylindrical instead of flat construction, 
containing three 'J' valves in both inspiratory and 
expiratory circuits. Due to this, and its aerodynamic deSign, 
its resistance is considerably lower than too t of the 
Otis-McKerrow Valve. Inspiratory resistances are almost 
immeasurable at flow rates below 100 litres per minute, and 
extremely low at higher 'flow rates. 
Servomex O.A. 250 Portable Oxygen JU1alyser. 
The Servomex O.A. 250 Oxygen analyser has a reliable 
measuring cell which was developed by the B.P. Company and 
is used in all the Servomex analysers. The oxygen content 
is read directly off a 4" scale taut band meter. In the 
O.A. 250 analyser the o~ygen content is indicated on a 
switched three-range meter having scales of 0 - 10%, 0_25% and 
o - 100%. The short term accuracy of the system is ± 1% of 
span on each range. Silicon photocells and transistors are 
used and power is provided from small readily available dry 
batteries. The susceptibility of oxygen varies considerably 
with temperature and this is compensated in the O.A. 250 by 
means of temperature sensitive elements in the feedback current 
network. These components are in thermal contact with the cell 
and magnet assembly which are used as a heat sink, and the 
sample gas is led through a heat exchanger in contact with the 
same system. The compensation is adequate to maintain the 
instruments accuracy over normal short-term fluctuations of 
ambient temperature. Larger changes of environment are 
catered for by a simple adjustment of span using atmospheric 
air as a standard. The sample was taken with the help of a 
hand aspirator and the instrument was zeroed with 99.9% pure 
nitrogen prior to each subject being tested. It was re-checked 
by measuring the atmospheric oxygen content, in accordance 
with manual instructions. The Servomex oxygen analyser works 
on the principle of the susceptibility of oxygen as a para 
magnetic gas. 
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PLYSU Douglas Bags. 
The Plysu Douglas bags were used f'or collecting the 
expired air af'ter it had passed through the Parkinson Cowan 
gas meter. The bags are constructed of' tough poly vinyl 
chloride, and electrically welded at all seams, in order 
to produce an airtight bag which also has a sampling outlet 
of' 3/16" in diameter. 
Polyurethane Flexible Tubing. 
Polyurethane f'lexible tubing was used to connect up the 
• V0 2 circuit. One of' the f'eatures of this tubing is that it 
retains its circumf'erence even if' angled for measurement 
purposes. This is due to the f'act that the tubing is 
reinf'orced on the interior side by metal. Periodically some 
of' the tubing was replaced during the testing, particularly 
near the mouthpiece, where it was subject to constant stress 
due to the head movements of' the subjects. 
Skin Fat Calipers. 
Lange skin f'at calipers were used f'or the skin fold 
measurements. These were calibrated at Loughborough University 
of Technology. The calipers were calibrated to approximately 
10 Gm/mm2 so that they ~ere constant over a range of' openings 
f'rom 2 to at least 40 mm. 
The M.R.C. Wedge Photometer. 
This Photometer is described in f'ull by King, Gilchrist, 
Wootton, Donaldson, Bisson, MacFarlane, Jope, O'Brien,Peterson 
and strangeways56 and is generally known as The Medical 
Research Council. Photometer. It is an instrument f'or measuring 
the optica~ density of' coloured liquids. The Photometer is 
56E• J. King, et al "Determination of' Haemoglobin", 
The Lancet, 971-974, December, 1948. 
·, 
designed and accurately calibrated for estimation by the 
oxyhaemoglobin method, which is one of the most reliable, 
as well as the simplest, of all methods. 57 The 
oxyhaemoglobin is as reliable as carboxyhaemoglobin 
(Haldane).58 Readings on any sample, when using the 
M.R.C. Wedge Photometer, may vary by .± 2'/0 but they are 
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variations about the true value. This instrument was used 
for measuring the haemoglobin content Hbgms/100 ml of blood. 
Dual-Channel Bio-Physiograph (SAN-Ei) 110 System. 
Japan. 
The Bio-Pl:].ysiograph Vias used to record E.C.G. tracings 
\ 
before, during and immediately following the measurements 
• for V02 max and max 02 Debts on each subject. The amplitude 
possible on this instrument, is (GO mm peak to peak). The 
traces of the E.C.G. were recorded on the paper trace and 
displayed on the monitorscope. The Physiograph was e~uipped 
with.± 1V outputs used to connect to a Cranlea amplifier 
for recording of heart sounds. Also, two identical plug-in 
amplifiers were on the Physiograph. 
Two Channel Mon.i tor Oscilloscope l{,odel 2E. 18A. JAPAN. 
A 2-channel monitor oscilloscope, which was attached to 
the Bio-Physiograph, was used. The monitor oscilloscope is 
capable of three speeds (1.25 cmVs, 2.5 cmVs and 5 cm/s.). 
For the purpose of this study 2.5 crrVs speed was used - two 
waveforms being viewed simultaneously. As it is e~uipped 
wi th a low-persistance CRT, it is suitable for viewing low 
fre~uency waveforms. Fi~ally, by means of a zero control, the 
base line can be elevated or lowered. 
57E• J. King, et £11 "Determination of Haemoglobin", 
The Lancet, 566, October, 1948. 
5~ing, ~. Qi1., p. 973. 
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Parks Heart Rate, Monitor Model..-5.9J±.Jh..S.A. 
This Heart Rate Monitor displays heart rate continuously, 
on a meter, during rest or exercise. Two counters (right 
hand side of instrument) also totalize the number of heart 
beats for any given period of time. One is for the exercising 
period, the other being for the recovery period. The ticking 
sound of adjustable volume permits each beat to be heard so 
that arrhythmias can be detected. An alarm with adjustable 
upper and lower limits may be set, by means of a small knob 
on the front of the meter, to any rate at which the alarm 
is re~uired to be sounded and the counter to be activated. 
This particular monitor, during the study worked with the 
Parks Radio Telemetry e~uipment. The output of the telemetry 
receiver feeds into the E.C.G. input jack on the monitor. 
The D.C. output jack on the monitor provides a d.c. voltage, 
proportional to heart rate, for recording rate versus time 
on strip-chart recorders. Output is 0 - 20 mv. The Heart 
Rate Monitor is an average-reading device (not beat-to-beat). 
At low heart rates the meter will oscillate noticeably. The 
correct reading is half way between the extremes. If the 
meter were electrically dampened more oscillations would be 
reduced, but the response of the meter to rapid heart rate 
changes would be much slower. The instrument is factory 
calibrated and the calibration is between 2 to 3%. 
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Parkes 27 - P Transmitter. 
This transmitter weighs about 10 ounces and uses ordinary 
radio batteries PP3. It has an antenna suspended from it, 
, 
and, where possible, this should be kept on the side nearest 
the receiver so that the radio waves do not have to pass 
through the body. The antenna must hang and should be 
attached to the trousers, or gym shorts, with tape or a clip. 
It must not be curled up. 
Parkes Model R.C. 27 Telemetry Receiver. 
The Model RC - 27 is a single-channel, crys tal-controlled, 
superheterodyne receiver operating in the vicinity of 27 Mc. 
It contains a frequency-to-voltage convertor to demodulate 
the subcarrier of the telemetry transmitter. The subcarrier 
is in the audio frequency raI~e. The demodulator will operate 
with an input frequency from the sub-audio level to about 
25000 cps, though the normally used subcarrier frequency is 
about 1700 cps. Maximum output signal is on the order of 
2 mv. for a 1 mv. input to the telemetry transmitter. The 
output is direct-coupled, being a few millivolts off ground 
during use. The d.c. offset voltage does not interfere with 
the use of thi s receiver with an electrocardi ograph. The d. c. 
output tends to preserve the fidelity of the low frequency 
components of the elect~ocardiogram. 
The 7.8 Litre Vi talograph Wedge BellolVs Spirometer (waterless). 
The Vitalograph is a new type of portable dry-spirometer 
for high-accuracy reading and direct measurement of the overall 
function of lungs and thorax to expire. It enables rapid 
performance of the test; and fast reading of the results, 
without requiring any calculations. The volumetric capacity 
calibra ted range is 7.825 li tre B. T. P. S. (7.100 litre ATPS). 
.\ 
:)1 
The volumetric accuracy is better than .± 1.0~b, full scale 
deflection. The instrument was recently factory calibrated, 
prior to testing, by an air displacement method, which in 
itself, is accurate to: a fraction of 1 ml at normal barometric· 
pressure, and at a water and air temperature of 200 C. 
The variability between instruments is less than .± 0.5% 
overall. The biological calibration (FEV1 , FVC) is less than 
1% standard deviation in normal subjects and patients with 
obstructive lung disease. The repeatability s d: 0.1333 litre 
FEV1 , 0.0784 litre FVC, and variability between operators 
better than 1% skilled versus newly instructed operator. 
The Vitalograph spirometer provides a means of recording: 
a) The volume of air a subject exhales, without regard to 
time taken. 
b) The relationship between a volume of air and the time 
involved in exhaling it by fast and forceful effort. 
The physiological values that can be determined on a 
single-breath test vitalogram are: 
i) Forced Expiratory Volume (FEVT) over any desired time 
period - in the case of this study 0.5, 0.75, and 1 sec. 
ii) Percentage Fh~T of the FVC Fh~~ or predicted values of VC. 
iii) Forced Vital Capacity (FVC). 
iV) Vital Capacity. (YC). 
v) Forced Expiratory Flow (FEF200_1200) for maximum display 
of obstruction of the larger airways. 
Vi) Forced Mid-Expiratory Flow (FMF or FEF25_75%), for 
maximum display of obstruction of the smaller airways. 
vii) Indirect maximum voluntary ventilation (Ind. M.V.Y.). 
All the above parameters have been measured with the 
exception of Nos. ii and iv. Table III pages 68-70 gives a 
useful description of the ventilatory capacities of the lung, 
which were taken in thi·s study. 
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Weight Scales. 
An Avery 20 stone scale was u"led for the purpose of 
measuring the weight of the subjects. It was factory 
calibrated prior to use; and a 56 lb weight was utilised to 
check daily accuracy prior to testing. 
Castella Whirling Sling. 
A wet and dry bulb whirling sling was used to measure the 
humidity content of the room. This was converted with a 
percentage ruler humidity scale, c.ontaining a setting line. 
The whirling sling contained a wet and dry bulb. 
Barometric Pressure. 
A Phi lip Harris normal scale barometer, 590 mm. Hg - 790 mm Hg, 
containing a temperature scale in fahrenheit and centigrade, was 
used for the purpose of this study. 
Electrodes and Electrode Jelly. 
Lead electrodes and 'Holand Rantos contact jelly which 
contains potaSSium, bitartrate, sodium chloride, and pumice, 
were used in this study. 
ColI ins Pulmonary Function Computer. 
This is basically a circular slide rule, 8" in diameter, 
and is described as a la'mina ted plastic computer. It is used 
for B. T. P. S., S. T. P. D. , ,and body surface area calculations. 
In this study it was used for the S.T.P.D. correction of 
oxygen uptake. 
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PROCEDURE FOR COLLECTING THE DATA 1973-74-75. 
Order o~ measurements taken. 
The subject entered:the laboratory, and was asked to strip 
down to his shorts, whereupon his height and weight were 
recorded. Immediately following this, his body surface area 
was calculated. Once the subject's height and weight had 
been recorded, selected skin fold measurements were taken. 
Next, all dynamic lung parameters were measured on the 
Vitalograph. After these measurements had been taken, the 
haemoglobin o~ the subject was measured with the M.R.C. Wedge 
Photometer. Finally, once his haemoglobin had been assessed, 
the subject was prepared for the ergometer ride to assess 
• his V0 2 max. 
Fitting o~ Apparatus. 
Initially i~ any hair was present in the vicinity o~ the 
top of the sternum, the area was shaved in order to ensure 
good electrical contact., The area was then cleaned wi th 
70% alcohol solution. H.~ electrode contact jelly was 
applied to the skin, and also to the lead electrodes to 
~acilitate electrical contact. The two electrodes were then 
taped to the subject, one at the top o~ the sternum the other 
2" below the le~t nipple. The subject was then seated and 
remained quiet with his limbs stationary. A leather bal t. with 
the transmitter attached was placed around the subject's waist 
and connected by electr:i.cal wires to'the electrodes (red to 
below the left nipple, black to the sternum). A flanne~ was 
placed between the subject's skin and the transmitter on the 
belt. Battery Checks were made on all electrical equipnent 
and the telemetry transmitter was then switched on. The 
Parks Receiver was switched on simultaneously and the tone 
of the impulse changed. The heart rate monitor, 
biophysiograph, monitorscope, and heart rate amplifier 
were also turned on and the E.C.G. and heart rate were 
recorded. A resting E.C.G. was taken, and in particular 
the T Wave, S.T. Segment and Q Wave were evaluated to see 
if any abnormalities were present. 59 Following this the 
subject proceeded to the Muller bicycle ergometer. 
The subject was temporarily seated and the height of the 
saddle adjusted. Studies have shown that expenditure of 
energy does not vary with the height of the handlebar, and 
saddle, provided that this is kept within reasonable limits. 60 
Laboratory Conditions 
Prior to each subject entering the laboratory, the 
humidity, barometric pressure, temperature and atmospheric 
oxygen content of the room were measured. The extractor 
fan was used also to ensure adequate ventilation in the room. 
In order for the testing to proceed the environmental 
conditions of the laboratory as specified by Astrand61 were 
followed, namely that the room temperature should be between 
19 and 21C, and the relative humidity between 40 and 60 per cent. 
The oxygen content of the laboratory should not be below 
20.90 per cent. Each subject was also aSked to fulfil the 
following requirements. 
59L• L. Langley, Outline of Physiology (London: McGraw-Hill 
Company 1961) p. 202. 
60p• O. Astrand, & L. Rodahl, Textbook of Work Physiology 
(London: McGraw-Hill Company 1970) p. 620. 
61.!.1lli1., p. 616. 
JU 
a. No training, or any kind of strenuous exercise, 
particularly of an endurance nature, was to be done 
24 hours prior to testing. 
b. No meal should be eaten in the hour preceding the tests 
and only a light meal (e.g. a salad) in the time before 
that. 
c. No alcoholic beverages were to be taken in the 24 hours 
preceding testing. 
d. Any subjects who smoked were asked not to do so for four 
days prior to the testing. This information was given 
to each subject several days before they were tested. 
The clothing worn by each of the subjects was shorts, 
support, socks, and training shoes. Before each 
subject was assesse.d he was asked if he had a cold, 
was feeling off colour or, indeed, if he had recently 
had any emotional disturbance •. 
• 
Measurement of V0 2 max. 
The most comfortable position, and in the case of very 
heavy work the most effective one, is that saddle height 
which, when the subject has the front part of his foot on the 
pedal, gives a slight bend of the knee joint in the lower 
position (i.e. with the front part of the knee straight 
above the tip of the foot.) Once the subject was seated 
comfortably, he was then instructed,on the use of the 
syncromesh pacemaker. At a standard pedalling frequency of 
75 revolutions per minute, the subject had to keep stationary 
the pacemaker pointer. If the pointer fell back clockwise, 
the subject was pedalli'ng too slowly, if it fell back 
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anticlockwise, the subject was pedalling too quickly. The 
subject was also instructed to adjust his pedalling rate 
gradually, so as not to incur a sudden great energy 
expenditure. He was also instructed that ir he relt any 
stabbing pains in his lert-hand side or arms, jaw, or chest, 
or ir he relt raint or extremely breathless he must 
discontinue the ride immediately. This step was taken as 
a precaution against a possible cardiac arrest. Also an 
exercise E.G.G. was continually r1onitored. 
The technicians took their correct pOSitions while the 
subject put the nose clip on and also inserted the mouth 
piece. The initial ride or 7 minutes at a load or 50 watts 
was started. During this time the subject had the 
opportunity to adjust his pedalli~g rate to the pacemaker. 
The 7 minute initial ride was to minimise inhibitory 
responses and familiarise the subjects with the technique 
of riding the ergometer. 
At the end or the 7 minutes the subject took orr the nose 
clip, removed the mouthpiece and slowed his pedalling rate 
and the load was reduced to 0 watts. One minute prior to 
the start or the next ride, the nose clip and mouth piece 
were again connected to-the subject. On a count down the 
test was started rrom the master watch (or sixty second split 
time HEUR stop watch), and readings were taken. The initial 
work rate was set at 180 watts until a respiratory steady 
state was achieved. Once a steady state was reached, the 
heart rate was recorded. The subject had rive minutes rest 
roll owing the 50 watt ride berore the 180 watt ride was started. 
In this rest period, however, although the mouth piece and 
nose clip were not being used ror the majority or this time, 
the subject's legs were still turning the pedals slowly and 
were not at any time static. Thirty seconds prior to the 
corrmencement o~ the 180 watt ride the pedalling rate was 
gradually built up so that at the start of the ride the 
pacemaker was steady. 
Steady State Analysis (Respiratory). 1973-74-75. 
Two techniCians were employed in determining a respiratory 
steady state. Both determined the amount o~ gas that passed 
through the Parkinson Cowan Gas Meter in each minute. When 
two consecutive readings were the same in consecutive minutes 
then this was denoted a respiratory steady state. Baker, J. 
and Sleights, R. (1973) 62 ~ound two technicians more accurate 
in picking up respiratory steady states earlier. Number one 
technician started his watch at the commencement of the test 
and counted the volume expired litres passing through the 
gas meter each minute, while thirty seconds later the second 
technician started his watch and also counted the litres 
passing through each minute. Thus a recording of litres was 
checked every thirty seconds. 
On attaining a steady state, expired air was collected 
~or one minute in a Plysu Douglas bag. The temperature of 
gas passing through the,gas meter was recorded during this 
steady state. On the call "Steady state", timed to one minute 
,No. 2 technician on the gas meter immediately started counting 
litres as ~rom that minute, and could there~ore determine i~ 
the subj ect was going to come out o~ a steady state. 
62Baker and Sleights, QQ. cit., p. 31. 
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While the subject was still pedalling, an analysis 
of the oxygen content in the Plysu Douglas bag was made. 
The clip closing the outlet tube from the Douglas bag to 
the Servomex oxygen analyser was released and eight 
squeezes on the pressure bulb were done, and repeated, 
until two similar oxygen readings were obtained. The clip 
was then replaced, the main outlet pipe being transferred 
from the Parkinson Cowan gas meter to the better calibrated 
Singer gas meter, and the expired gas was passed through 
this gas meter. 
The" oxygen fraction measurements taken in this study 
by the paramagnetic principle of the Servomex OA 250 
oxygen analyser were compared with a measurement taken on 
a highly calibrated 1L. PH 313 blood gas analyser. It can 
be seen from the graph on page 210 in the appendix to this 
study that the difference of the calibration figures of 
the direct valves read from the Servomex analyser as set 
up by zero, oxygen and nitrogen, are only marginally 
different from the blood gas method. 
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This procedure was adopted to give an accurate measure 
or the volume of gas collected during the steady state. 
Following this, the Parkinson Cowan gas meter was then 
reconnected to the Douglas bag in preparation for the next 
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steady-state analysis. During each steady state an E.C.G. 
trace was obtained and the heart rate recorded. In the 1974 
sample, during each steady state (first minute) the subjects 
breathing rate was recorded. This was done by observing 
the valves in the triple J valve. Each time the inlet 
valves were fully extended this was taken as one breath. 
In the 1973 sample all subjects performed a standard ride 
of three work loads without a rest - namely 180, 220 and 
240 watts. Some of the subjects obviously rode at additional 
loads to thi s. 
LOADS USED BY SUBJECTS RIDING ERGOMETER 1973-74-75 • 
• According to the author the idea of assessing V02 max by 
continuous work loads was more relative to the oxygen 
requirements during the 16 minute run, described later in 
this study. 
In the 1974 soccer sample study, after the 180 w initial 
work load, some of the subjects worked at loads increased by 
20 or 40 watts depending on their heart rate at this load. 
Most of the soccer sample went through three loads prior to 
having a five minute rest. 
In order to select what the next work load should be ror 
a subject, a number of steps were taken. In the 1973 study, 
after the 240 watts ride, a five minute rest period was 
allowed and the folloVling ractors were taken into consideration. 
1. The heart rate at this stage of' the test. (To achieve 
a V0 2 max requires a heart rate of' 160+, theref'ore, if' 
less than this at this stage, it must be raised by a 
f'urther increase in work load.) 
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2. Physical state of' the subject on the bicycle ergometer. 
3. Relationship between V02 readings at 220 and 240 watts. 
4. Subject's personal comments on the state of himself. 
5. Personal, subjective analysis of the subject's condition 
and observation of his electrocardiogram. 
If the heart rate was less than 160 at 240 watts, the 
load was increased by 20 watts to 260 watts .rork load. If 
the heart rate was 165 - 170, the load was increased by 
10 watts to 250 watts. If, however, the heart rate was 
170 beats per minute pIu's, the work was only put up 5 watts 
toa load of 245 watts. If the subject was put up by 
10 watts or more, in the majority of cases this meant two 
more rides on the ergometer. As previously stated, each 
subsequent ride above 240 watts was preceded by a short rest 
of five minutes, and the work load increased until a true 
t02 max was achieved. This incremental load v heart rate 
increase was also used in the 1974 study (soccer sample), 
with exceptions for some of the subjects who were not 
familiar with riding a bicycle ergometer. 
Calculations of V02 max 1973-74-75. 
The percentage of oxygen in the VE collected during a 
respiratory steady state for one minute was subtracted from 
the atmospheriC oxygen content, e.g. 20.96 - 15.41 = 5.56% 
oxygen. 
.' , 
This f.igure was thEm mul tiplied by the VE in the Douglas 
bag corrected for S.T.P.D. 
35 litres corrected to S.T.P.D. 
= 30.04 
= 30.04 x 5.56 
= 30.04 x ~ 
100 
= 1.67 litres per minute S.T.P.D. 
The subject's weight in Kg. was then divided into the 
• V0 2 max litres per minute and expressed as ml/Kg,min. 
The VE was converted to S.T.P.D. using a Collins pulmonary 
fUnction computer. 
• In some cases (soccer sample 1974) the subjects' V0 2 max 
was reached on the third load of the first ride, but they were 
re~uired to do a further ride after five minutes rest in order 
• to qualify for the V0 2 max measurement. The chief recording 
technician, having calculated the subjects' V02 max m~Kg.min, 
would continue to record: 
a) Time to each steady state. 
b) Time each steady state was held. 
c) Time between each steady state • 
• d) Time to reach V0 2 max. 
• 
e) Time V02 max could be maintained. 
When the subject went out of his final respiratory steady 
state, the load was reduced immediately to ° watts and the 
subject relaxed with his legs turning the pedals slowly. 
During this time an E. C~ G. and heart rate recording were 
monitored for the two minutes following the ride,. and used to 
cmlculate the cardiac index. The subject then dismounted the 
ergometer, the telemetry circuit Vias switched off and the 
electrodes were removed from the subject. Immediately after 
this, preparation was made for the testing of the next subject. 
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FIG. 1.+ 
Cri t.eria of maximali t,Y in the r!lf'aSUrement of 
maximum oxygc::. uptake 
OXYGEN UPTAKE 
A =WLmaxOz B 
t t WORK LOAD 
Oxygen uptak8 in relation to work load. Point A represents the 
point of "levelling of.r" dei'ined as WLrr.axO , which is the lowest 
work load that still gives maxir;:al oxygen {lptake. To assure 
that point A represents point of "leve.liing off", work time 
should be at. least 4 min and bloC'(~ lactate at least 8 r;}L 
Wor:{. loads above th.is point (for .:.nst.ance point B) are 
.. supermaximal" in regard to rna ximal aerobic power. 
63 B• Ekblom, "Effect of' Pllysical Training on Oxygen. Transport 
System in Man", Acta Physiologicu Scandinavia; 328. 
11, 1 969. 
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• Criterion of Maximality of V02 mm: 1973-74-75. 
Maximal oxygen uptake is the maximum volume of oxygen 
that can be supplied to the tissues per minute. It is 
expressed either in litres per minute I/min or in millilitres 
per kilogram of body weight per minute (ml/Kg.min). This 
measurement has also been referred to as maximum oxygen 
intake, maximum oxygen consumption and aerobic capacity • 
• In order to ascertain that the V02 max of the subjects 
were obtained, the author ensured that there was only a 
marginal increase in oxygen uptake despite a further 
increase in work load. The plateau was set at ~ 150 ml min 
or ~ 5 per cent or 2.1 ml/Kg.min at different work loads 
• to indicate that a true V02 max had been obtained. 
Procedure for taking Dynamic Lung Measurements, 1973-74-75. 
The height of the Vitalograph was adjusted so that the 
subject's mouth was at about the level of the outlet into 
which the extension tube was inserted. This ensured that the 
subject was in an upright standing position without stooping. 
It is vital, in this test, that the subject understands 
exactly what he has to do for maximum results to be obtained. 
In simple language the subject was instructed: 
a) How to inspire maximally. 
b) How to put his mouth around the mouthpiece, and 
c) How to expire forcefully and max1mally. 
Following inspiring maximally through his mouth, the 
subject topped up by inhaling more air through the nose, in 
order to measure a valid forced vital capacity. Immediately 
after this the subject placed his lips fi~ly around the 
mouthpiece, and breathed as fast and as hard as he could 
into the tube. No inspiration was allowed as the stylus 
moved across the page. The subject was then allowed 
three attempts on the spirometer; on each occasion he was 
encouraged to better his previous attempt. 
The first attempt was made with the chart carrier 
stationary, but the last two with the carrier moving. 
Between each of the tests a one ninute rest was given, 
and, during this period., the subject was encouraged to 
breathe naturally. 
For the final reading, a new chart was mounted and a 
further test was made with the chart carrier moving for 
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this recording. The FVC reached in the first attempt was 
recorded off the chart grid, the chart carrier having b~en 
moved completely to its left hand stop. If the SUbsequent 
tracing was shown on the chart grid when the carrier moved 
to have a maximum volume level equal to or greater than that 
of the trial attempt, the test was considered valid. No 
forced expiratory spirogram (FES) could be accepted as valid 
unless at least one repeat attempt produced tracings which 
lie within 5 per cent of the highest tracing. This criteria 
was adopted during all of the testing in this study. 
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Evaluating maximum rec,pil'atOl'Y eff'ort on a forced expiratory 
64 spi rogJ'on 
1 
Each of two FES curves has one higher value: FES1 a higher 
FVC, FES 2 a steeper rise. The dotted line shows how to 
extrapolate to the higher value of either curve, for the pur-
pose of evaluating the maxirl1um effort recorded. 
64u• H. Garbe, The Simple :fleaBuremen t of Lung 
VentU3tion, 13u,~kingnalll: Vitalo,,7'aph Ltd., 1;173, p. 14. 
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l:>TANDARD 
SYMBOL 
FEV 'li: 
T 
e.g. 
FEV 1 FEV 
, • 0.75 
x 100 
DEFINITIONS OF FUNCTIONAL LUllli....J'ARAMETERS 
TABLE III 
Standard Term 
Forced vital 
capacity'li: 
Forced expira-
tory volume'li: 
(the subscript 
defines the 
time interval 
used, in sec.) 
Forced expira-
tory ratio (in 
T seconds of' the 
forced vi tal 
capacity) 
BTPS+ 
Uni t of Measure 
Litre 
Litre 
% 
Definition 
Maximum volume of air which 
can be expelled as rapidly 
and completely as possible 
after maximum inspiration, 
using maximum rffort, 
i. e. forceful'li: 
Volume of air, which can be 
expelled with maximum effort 
over a given time interval 
during a forced expirutio~1 
after maximum inspiration 
FEVT expressed as a percent-
age of the measu~e~ forced 
vital capacity.'li: , 
Other Terms 
Previously in Use 
timed vital capaci ty; 
fast vital capacity; 
fast maximal expira-
tory capacity. 
timed vLtal capaci ty; 
fast vital capacity; 
capacity usable on 
effort; max. expira--
tory volume; 
Tiff'eneau test; 
forced expiratory 
capacity; one second 
volume. 
timed vital capacity; 
timed expiratory 
capacity; optimal 
frequency ventilatory 
ratio 
STANDARD 
SYMBOL 
MVV*-++ 
FEV
V1
_V2 
e.g. 
FEF200_1200 
DEFINITIONS OF FUNCTIONAL LUNG PARAMETERS 
TABLE III (Contd.) 
Standard Term 
Maximum 
voluntary 
ventilation*-++ 
~~~~e~l~~Rira-
(the subscript 
defines the 
volume segment 
used, in ml) 
Forced mid-
expiratory 
flow* 
BTPS+ 
Unit of Measure 
Li treq/ 
minute 
Litreq/ 
sccond, 
or I!min. 
Litreq/ 
second 
or r/min. 
Definition 
Maximum volume of air which 
could be exhaled by 
breathing deeply and rapidly 
with maximum voluntary 
effort for a short time*-3 (usually 10 to 15 sec.) 
Average rate of air flow 
for a given one-litre 
volume segment in the 
early part of a forced 
expiratory spirogram. 
(The most commonly used 
volume segment in adults 
is between1200 ml and 1200 ml)." 
Average rate of air flow 
during the middle two 
quarters of the volume 
segment of the forced 
expiratory spirogram, i.e. 
from V25% to V75o, of the FVC*-1 0 ~ 
Other Terms 
Previously in Use 
maximum breathing 
capacity (MBe); 
maximal breath 
capacity; . 
ventilatory maximum 
capacity; breathing 
limi t value 
maximal expi.ratory 
flow rate (MEFR); 
peak expiratory 
flow rate (PEFR); 
FEFV1_V2Jo 
maximal mid-
expiratory flow 
rate (MMFR); . 
FEF25_75% 
DEFINITIONS OF FUNCTIONAL LUNG PARAMETERS 
TABLE III (Contd.) 
Standard Term BTPS+ STANDARD 
SYMBOL Uni t of' Measure 
FMFT~ Forced mid-
expirator¥. 
flow time 
in accordance with internationally 
accepted terminology. 
seconds 
air volume at Body Temperature (37.0 0C), 
normal Barometric pressure (760 mm Hg), 
saturated with water vapour. 
++) no longer used extensively in 
physiological practice 
1) although little used in general 
physiological practice, forced 
inspiratory measurements should be 
defined by terms such as FIVC, FIVT, 
FIV1~o, FIFV1 _V2 ' FMIF FMIFT. 
Defini tion 
Time interval occupied by 
the air flow during the 
middle two quarters of the 
volume segment of the forced 
expiratory spirogram, i.e. 
~6~fen V25~ and V75% of the 
Other Terms 
Previously in Use 
maximal mid-
expiratory flow 
rate time (MMFT). 
2) if' FEVT is expressed as a ratio of' predicted VC, 
or of measured VC, an appropriate indication 
should be made, e.g. 
FEV FEV 
__ T x 100, or __ 'r: x 100 
VC pred. VC 
3) indication by appropriate subscript should be 
made for controlled or voluntary respiratory 
frequency/minute used, e. g. MVV 40 or MVV f40 
respectively, also with or without CO 2 
stimulation. 
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The PVC value was read from 'the highest curve elevation 
reached in the tracing, using the right and B.T.P.S. scale. 
The Forced Expiratory Volume was measured at the following 
time intervals of 0.5, 0.75, and 1.0 seconds." The values 
were read where the F.E.S. curve intersects the vertical 
line of the time scale. Horizontal projection of this 
value to the B.T.P.S. scale gave its volumetric value, 
which was used for the 'purpose of this study. The Vitalograph 
method for measuring MVV was used in this investigation where 
the FEV is multiplied by a physiological freQuency factor of 
37.5. In other words, it takes as the MVV value the 
measurement of the FEV1 volume the subject could have breathed 
37.5 times in one minute. The Maximum Voluntary Ventilation 
(MVV) has for years been thought to be the best overall 
measurement of the dynamics of breathing in a subject. It is 
a measurement of performance that depends not only on the 
function of the lungs, but also on fatigue, muscular 
coordination and motivation. 
The forced mid-expiratory flow is a sensitive index of 
obstructive defects. It is specific for obstructions 
prevailing in the smaller and smallest airways, being largely 
independent of effort. The Vitalograph techniQue was used 
for the measurement of this parameter. The forced expiratory 
flow measures the average rate at which the first full litre 
of air leaves the individual's lungs (Vitalograph publication 
letter 1972). The forced expiratory flow is also an index 
specifically sensitive to obstructive objects in the larger 
airways anQ/or to changes in the non-elastic components of 
, 
, (2 
airway resistance. This particular measurement was taken 
by the technique recommended by Comroe et al (1962) to be 
averaged over the 200 ml - 1200 ml (or 0.2 - 1.2) segment 
o~ the F.E.S., viz. over the ~irst litre a~ter an initial 
0.2 litre has been expired, so as to eliminate the error 
o~ variability particularly prone to occur in the thus 
discarded initial portion of the ~orced expiratory 
sPirogram. 66 The final measurement was read of~ using the 
Flow Calculator. 
Procedure ~or taking Skin Fold Measurements 1973-74-75. 
The skin ~old site"s selected were representative areas 
as suggested by D. Edwards. 67 The areas to be measured were 
marked with a red dot, and each Deasurement was taken twice. 
Duplicate readings within 1 mm: were taken. The calipers 
were applied to the ~old 1 cm: below the ~ingers, so that 
the pressure at that point was exerted by the caliper ~aces 
not the ~ingers. The ~old was taken either vertically, 
obliquely, or horizontally, depending on the distribution 
o~ ~at ~old at that particular site. 
There is wide agreement that the triceps and scapular sites 
are the best sites ~or prediction o~ fat content. 68 Also the 
skin told below the tip of the right scapula provides a good 
indication o~ individual overall ~atness.69 
66Ibid• p.28. 
67D• A. W. Edwards, 
subcutaneous ~at", Clin. 
"Observations on the distribution o~ 
Se. 9: 259-260, August, 1950. 
68A, Keys, et al •. "Recommendations concerning body 
measurements ~or the characterisation of nutritional states", 
" Human Biology, 28, 111-120, May, 1956. 
69Ibid• p.121. 
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Precise location is 1.5 cm. below the tip of' the 
scapula. The upper sUbscapula is taken below the knuckle 
of' the scapula, about 5, cm. from the upper jOint. The 
juxta-nipple meaSurement is taken 3 cm. to the right of' 
the middle line of' the nipple and 5 cm. above it. Side 
of thorax is taken 16 cm. below t:,e left arm pit; upper 
and lower abdomen measurements are taken 5 cm. above and 
below the umbilicus. Finally, the anterior thigh skin 
f'old measurement is taken midway between the hip joint and 
the knee-cap, whenever a true skin f'old can be picked up. 
The mean of' the total number of' sites on each subject 
was considered as being representative of' overall body f'at. 
Also an overweight index based on the f'ormula: 
100 x body weight (kilograms) was 
height (cm) - '100 
assessed on each subject. Indices over 110 are considered by 
Fabry as indicative of' overweight. 70 
Procedure f'or taking Haemoglobin Measurements. 1973-74. 
Initially the M.R.C. wedge photometer was calibrated by 
the Neutral glass standard. The N.G.S. is provided to check 
the constancy of' the photometer and also to enable a 
correction to be made f'or instrumental and personal errors. 
Each standard has been assigned a percentage Haldane, which 
is marked on it. This is the scale reading that should be 
obtained by a normal observer using the standard in an M.R.C. 
photometer, correctly calibrated, for haemoglobin determinations 
by the oxyhaemoglobin method. For constancy the standard was 
70p• Fabry, et aI, "The Frequency of'Meals: 
to overweight, hypercholesterolemia and decreased 
tolerance", Lancet (2) 615, September 19, 1964. 
its relation 
glucose-
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put in the right-hand side cell-slot. No compensating cell 
was placed in the other slot. The reading was taken and the 
difference between the measured and true value indicated the 
size of the combined instrumental and personal errors. 
Consequently, if an average reading of, e.g. 98% was 
obtained with a standard marked 95%, then a correction of 
-3 was applied. 
A 0.02 ml capillary blood sa~ple was taken from the 
subject's finger and expelled into a 4 ml graduated test 
tube, containing some 0.4% concentrated ammonia solution. 
This was well shaken and more 0.4~6 solution added up to 
the 4 ml mark. The solution was transferred to the 
rectangular glass cell. This was put in the right-hand cell 
slot of the photometer. A similar glass cell was filled 
with distilled water and put in the other cell-slot. The 
average reading was then recorded by the normal matching 
procedure. The mean of three separate readings was taken, 
as the true haemoglobin measurement. The Haldane scale was 
then used to convert the haemoglobin to g •.• " Hb per 100 ml 
of blood. Haemoglobin is a protein (globin) united with a 
pigment (hematin). This pigment contains iron; each Fe++ atom 
can combine with one molecule of °2. 71 
71 Astrand, .QIl.: ill., p. 106. 
" , '..J 
Maximum Oxygen Debt Measurements 1974 (15 Subjects) 
Instructions given to subjects 
Five technicians were employed in the measurement of 
each subjects max 02 debt. The same instructions were 
given to each subject, several days prior to the 
• 
measurements being taken, as for the measurement of V0 2 max. 
Heart rate was measured using the same telemetry apparatus 
described on page 50. A resting E.C.G. was recorded on each 
subject before he sat on the ergo::leter. A nose clip and 
mouthpiece were applied'to the su.bject, and he was instructed 
to sit quietly and breathe normally. I<'ollowing ten minutes 
rest, the expired air of the subject was collected for five 
minutes. The basal oxygen consunption was then dete~nined. 
The procedures for setting the he~ght of the saddle and the 
75 revolutions per minute pedallir~ rate were the same as 
• 
those used when assessing V0 2 max. 
Procedure for obtaining Maximum Oxygen Debt Measurements 1974. 
Starting at 100 watt load which was automatically increased, 
the subject was asked to ride until exhausted. The initial 
100 watt load was used for each subject as the writer 
considered this load approximated the initial running speeds in 
the sixteen minute run. The length of ride depended mainly 
on the physical condition of the subject, as well as his 
level of motivation. Ten seconds before the subject felt 
this point was to be reached, he was asked to tap the 
handlebars as a Signal. This allowed the technician to 
turn the Collins five way valve immediately, the subject 
ceased work for collection of expired air. The subject 
also kept the mouthpiece in place on cessation of work • 
• The same safety precautions were observed as for the V02 max 
measurements. On completion of the maximal ride, when the 
subject was exhausted and had stopped riding, the ergometer 
seat was lowered immediately so that the subject could 
remain seated on the ergometer but with his feet firmly on 
the ground while the necessary recovery measurements were 
taken. At the moment the subject stopped riding, the five 
way valve from the atmosphere outlet to the outlet valve 
connected to the first 200 I Douglas bag was turned, and 
consequently, single bags were used for collecting the 
expired gas. After one minute the five way valve was again 
turned to the second bag, and again, following the end of 
the second minute, the valve was switched to the third bag. 
During each minute the number of litres of gas exhaled by 
the subject was recorded on the Singer gas meter, prior to 
it entering each separate bag. 
The separate Douglas bags were removed from the mobile 
stand and analysed for their oxygen content with the 
Servomex OA 250 oxygen analyser. Each oxygen content 
measurement was taken at least twice with a uniform number 
of squeezes on the liigginson syringe. Following analysis 
for oxygen, the contents of the bag were expelled and the 
bag was replaced on the five way valve and rehung in 
position on the mobile stand. This procedure was repeated 
for every bag. The oxygen uptake was determined based on 
the Herbst plateau. 72 
72R• Herbst, The Herbst Plateau, Deut. Arch. Klin. 162: 
33-50, 1928. 
H.eart Rate 
Heart rate recovery f'or every minute was taken, as 
were E.C.G. recordings at three periods during the test, 
namely: 
1. At rest (pre-exercise) 
2. Af'ter 8 minutes of' exercise (during exercise) 
3. Immediately on cessation of' exercise (post-exercise) 
In addition to this, the f'ollowing were recorded: 
1. Temperature of' gas in each minute during recovery 
2. Maximum heart rate. 
3. Duration of' ride (minutes seconds) 
4. and the maximum load reached was recorded (Watts). 
Calculations of' Maximum Oxygen Debt Measurements 1974. 
77 
Oxygen recovery measurements were taken until oxygen 
Limitations to the Measurement of' Maximum O&ygenDebt 1974. 
1. It is quite possible that the duration of' the ride on 
the Muller Ergometer (12 minutes in some cases), was not the 
optimum work period suf'f'icient to incur maximum oxygen debts. 
Some research indicates· that work periods ·between 1 and 3· 
minutes may produce the largest debt. 73 
73Katch, Henry, Q£.cit., p. 190. 
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2. It would appear necessary to rest subjects in a prone 
position ~or one to two hours, thus ensuring a true resting 
oxygen consumption, as some o~ the basal O2 uptakes were 
100 + ml in excess of normal values of 200 - 250 ml, as 
reported by Morehouse ~nd Miller. 74 
3. More sophisticated electronic gas analysis may well be 
necessary ~or future oxygen determinations, as some of the 
oxygen measurements could only be taken twice, because of 
the time necessary for exchange o~ bags while it was 
possible to take other oxygen measurements three times. 
Occasionally a slight variation in the oxygen measurements 
occurred between the first and third readings. 
THE SIXTEEN MINUTE ENDURANCE RUN. (1973-74-75) 
The object of this test was for the subjects to run as 
far as possible (with certain limitations) in a 16 minute 
period. 
The first run was at Aldersley Stadium (400 metre track), 
Wolverhampton. It took place on Thursday 22nd February, 1973, 
at 6.30 p.m. It was undertaken within three weeks of the 
laboratory testing, and all individuals were in an advanced 
state of training, and playing competitively in their 
respective sports. Subjects wore running clothes which 
consisted of vest, shorts, support, socks, and trackshoes. 
They also wore a track suit for the warm up period. This 
ensured that none of the subjects commenced the run in a 
7~. E. Morehouse, and Augustus T. Miller, PhYSi010fY 
of ExerCise, sixth edition. (St. Louis: C. V. Mosby, 1971 , p. 19C 
cold condition. The written and verbal instructions 
given to the subjects were: 
1. The object of.the run was for each individual to 
travel as far as possible in the sixteen minutes 
running time. 
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2. At the track two runs - A end B - would be undertaken -
with the subjecta1n two separate groups. 
3. For each run the participants would be subdivided into 
four smaller groups starting from four different pOints 
on the track. 
4. All runners were paired. While the first group of 
runners wanned up, the non-runners moved to the station 
from which their own particular running partner would 
eventually start his run. 
5. The warm-up for each group was one lap of the track, 
done in three minutes, with all the subjects wearing 
track suits. No stretching or curling exercises were 
allowed. 
6. After the three minute warm-up, the runners were 
allowed to move to their starting positions within two 
m1nutes, and then remove their track suits. 
7. The tasks of the non-runner were: (i) to record the 
number of laps his partner ran in sixteen minutes and, 
(ii) the number of runners he overtook. 
8. During the run, the first two laps would be standardised 
for everybody, no individual being allowed to run too 
fast too soon. This was accomplished by an experienced 
runner with a stop watch pacing the run for the first 
two laps. The first 800 metres were not to be run in a 
time of less than two minutes thirty seconds, this 
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being judged as adeQuate pacing by this investigator 
in order f'or the subjects not to incur too large a 
max 02 debt too soon. 
9. Af'ter the f'irst two laps the runners were to run at 
their maximum constant running pace. This rate 
continued until the latter stages of' the race. Then 
they were advised to increase this pace if' possible. 
In other words, the aim was ~o tax the aerobic and 
anaerobic component maximally. 
10. At f'our minute intervals up to the twelf'th minute of' 
the run, a bell would be rung to signif'y that amount 
of' time had elapsed. The time itself' would also be 
called out over the megaphone. At the beginning of' 
the f'ourteenth minute two minutes to elapse would be 
sounded, and every f'if'teen seconds would be indicated 
until the last f'if'teen seconds. Then a countdown to 
zero would be started. 
11. Instructions to each recorder were as f'ollows: 
a) Leave your station thirty seconds before f'inishing time. 
b) Go to that point where you estimate your partner will 
be when the run ends. 
, 
c) Mark the exact spot where he concludes his run. 
12. All the runners were to keep to the inside lane of' the 
track unless overtaking. Individuals were not permitted 
to run side by side because this practice would make 
calculation of' the actual distance run much more 
dif'f'icul t. 
\ 81 
13. All non-runners were asked to encourage those actuallY 
participating, motivating them to run as fast as 
possible, particularly during the last four minutes of 
the run when motivation would become of increasing 
importance. 
The second run was done on a 400 metre track at the 
West Midlands College of Education and all the conditions 
for the first run were applied (although fewer runners 
actually competed, and two of the runners, see Table IV, 
ran at Great Barr Athletic Track, Bi~ingham, being 
recorded by Mr. Reece Davies. 
The same instructions were given to the 1974 soccer 
sample as the 4 team sample in 1973, with the following 
exceptions: 
a) The track was only 238 yards in circumference, it being 
marked every 20 yards. 
b) Each individual runner would have his own recorder, who 
this year was a non-runner. 
c) The wa~-up was three slow 238 yard laps, with all runners 
keeping together. 
d) During the actual run a pacer ran with the group, so that 
none of the subjects ran the first 440 yards in under 
seventy four seconds. 
16 Minute Run Test Retest 1974. 
14. On the second run, the same procedures were adopted as 
for the first run, with the same runners endeavouring to 
beat their previous distance. In the-1974 run, the first 
took place on January 28th (5.00 p.m.) and the subjects 
were placed in two groups, namely 'one' and 'two', with 
some professional and college men in both groups. 
. , Cl2 
The first re test took place on February 5th 1974, when 
the West Midlands College of Education and Walsall F.C. 
completed the run. On March 11th 1974, Birmingham F.C. and 
St. Peter's College, Saltley ran. The whole investigation 
involved both groups who ran against their opposites, either 
professional or amateur teams, thus promoting the necessary 
rivalry for keen competition and motivation. 
Limitations to 1973 Run. 
1. The first run was undertaken in adverse conditions and 
during an evening when some of the subjects had already 
participated in some exercise during the day. 
2. The test-retest on the two runs was approximately five 
months. Although all the subjects tested on the second 
occasion were still at College, and in a trained 
condition, it was towards the end of the te~ when 
because of leaving dinners all students tend to eat and 
drink more. 
3. Some of the runners, because of high winds failed to 
. hear the times being called. out. More megaphones might 
have been used. 
4. Three of the subjects did the run on the College shale 
area, consequently running on a different surface and 
not having the motivational encouragement of running 
with a large group. 
5. The first two laps were run in about 85 seconds or less. 
Some of the cross country runners, such as;- subject 
. iiiuriber 16 "; were probably capable of running about 70 
seconds for the first two laps without incurring too 
large an O2 Debt and this may have affected the total 
distance that would have been covered by such runners. 
, , 
I 
0;; 
Recording Method (1973-74). 
The measurement of distance covered was done by each 
recorder, ticking off on a sheet the number of full laps 
run, plus every 20 yards covered. On completion of the 
run the performer remained on the spot where he finished 
the run, and the recorder registered the distance covered 
to the nearest yard. 
A running time of sixteen minutes was selected as it 
was considered to have an aerobic component of approximately 
85 per cent. 75 
Limitations to 1974 Run - West Midlands College of Education. 
1. The Second run, on'the 5th February 1974, when the West 
Midlands College of Education and Walsall F. C. ran, was 
carried out in atrocious weather, verging on gale force 
winds and rain. In view of these conditions it was 
incredible that some of the subjects actually bettered 
their first run distance. 
2. It was impossible to get one or the proressional teams 
to do the re-run in' a short period or time, arter the 
first run, because of match commitments. The manager 
also felt that the players needed several days to rully 
recover from such a run berore they were match rit again. 
This also affected the time for one or the College teams 
to be able to do the second run, as proressional 
competition was considered necessary for the second run. 
3. The size of the track in relation to a normal 400 metre 
track. 
75Mathews, Fox,12£:. ill. 
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4. The professional players may have ~uestioned the 
significance and importance of such a run particularly 
as it was not directly related to the game. This 
could well have affected their motivation. 
5. On the second run a true maximal effort may not have 
been obtained by the professionals because they were 
saving themselves for the sane week League match. 
6. The training schedules for the professional and amateur 
samples are, in many respects, distinctly different. 
The difference in the distance run, therefore, may well 
be more related to the level of physical work capacity 
reache~due to the training effects, rather than just 
physiological endowment. 
7. The same time of day was no~ used for both runs. 
THE 1975 SIXTEEN MINUTE RUN 
The same warm-up and recording procedures were used as 
for the 1974 run. 
Limitations to 1975 run. 
1. The size of track in relation to a normal 400 metre track, 
the track being 238 yards (217 metres). 
2. Because of coaching and match commitments, both runs had 
to be done on consecutive days. Conse~uently, it is 
possible that the glycogen stores of the subjects would 
not be fully replenished in a twenty four hour period and 
this would have affected the distance covered by the 
sample on the runs, particularly the second. 
o:;J 
3. Although the majority or suojects used in the 1975 
sample completed two runs, the rirst run was utilised 
ror predictive purposes, owing to limitation stated in 
number 2 above. 
Finally, as the physiological testing or the sample had 
to be undertaken during a soccer coaching course, it is 
highly likely that the subjects were not rully recovered rrom 
exercise commitments prior to laboratory testing. Conse~uently, 
• 
some or the physiological parameters asseSsed such as V02~ 
may have been slightly sUb-maximal. 
Reliability or the Investigator (1973-74-75) 
No reliability coerricients were completed for the V0 2 max, 
• 
although during each V02 measurement being obtained, two values 
• for V02 max were established within 150 ml of each other. 
In the case or max 02 debt, because or the time involved in 
taking the measurement and, also, because it was subsidiary 
• 
to the main V02 max measurement, no reliability coerficients 
were computed. During the measurement or runctional lung 
volumes, namely FVC, FEVat 0.5, 0.75 and 1.0 secs., three 
attempts were allowed on each measurement ror each individual 
subject. One repeat tracing had to lie within 5 per cent or 
the highest tracing ror it to be considered a valid 
measurement. 76 
6 . 7 Garbe, .2.l2: ill., p. 14. 
;\ 
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Although the FEF, FMEF, are measured indirectly ~rom 
the spirogram, identical reliability checks were made as 
ror the other ~nctional lung vol~~es. No reliability 
coe~ficient was computed ~or the maximum voluntary 
ventilation test because the nor:nal procedure is to accept 
a measurement as reliable when it is within ~ive litres of 
a preceding measurement. 77 
Selected skin ~old measurements on each subject were 
taken twice and duplicate readings within 1 mm: were 
recorded. The mean o~. two haemoglobin measurements was 
accepted as the true value ~or this parameter. The test 
retest reliability~or the two 1973 sixteen minute runs 
.was 0.93, and 0.85 ~orthe two 1974 runs. 
Computing System and Statistical Procedures 
( 1973-74-75) 
The analyses described were carried out on an ICL 1904s 
at Aston University under the direction o~ Mr. Steve Chidlow. 
The ICL Statistical Analysis Mark 2 package (XDS3),78 
was used for most of the analyses, although a few exploratory 
analyses, such as scattergrams, were performed using SPSS 
(Statistical Package ~or the Social Sciences) Version 4. 79 
77C• F. Consolazio, Robert E. Johnson, and Louis J. Pecora, 
Ph siolo cal Measurements of Metabolic Functions in M n 
New York: McGraw-Hill Book Company, Inc. 19 3 pp. 211-216. 
7811ICL Statistical Analysis Mark 11", Technical Publication 
Service, (London: 3rd Edition 1971), p. 1-57. 
79Norman H. Nie, D~le H. Bent, and C. Hadlai Hull, 
Statistical Package for the Socj~al Sciences (New York: 
McGraw-Hill 1970), pp. 1-244. 
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The relationships described in the list of hypotheses 
were explored using the techniQue of multiple linear 
regression. Essentially, this techniQue involves hypothesising 
a model of the form 
relating the dependent variable Yi (distance run) with a set 
of p independent (explanatory) variables x1 ••••• xp where 
the coefficients B1 ••••• Bp are to be determined and Ei 
represents a random error term affecting the i th observation 
only. 
The following assumptions are made: 
(i) The relationship between the dependent variable y and 
the explanatory variables x1 ••••• xp is linear. 
(ii) The observations, Yi , are uncorrelated. 
(i.e. the performance of one individual does not affect 
the performance of another). 
(iii) The random errors, Ei, have a Normal distribution with 
zero mean and constant variance for all values of i. 
Assumption (iii) is needed in order to make inferential 
statements about the true values. of the unknown parameters 
B1 ••••• Bp and hence about the significance of the 
corresponding variable x1 ••••• xp • 
Also, it follows from assumption (iii) that if the error 
\ . 
Ei has zero mean, then the mean value of the dependent variable Yi 
denoted by E(Yi) will be given by: 
E(Yi) = 
In using an equation of the fonn (2) to predict distance 
run 'y', we are, in fact, predicti.ng the average distance 
run for athletes who have the same values of the explanatory 
variables x1 ••••• xp. It is to be expected that the actual 
distance run by any individual athlete will deviate somewhat 
from the predicted expectation for an athlete with the same 
set of measurements on the variables x1 ••••• xp 
Whilst'accepting some deviation from the average predicted 
distance run, the attempt is made to find an equation of the 
form (2) which is both physiologically meaningful and has a 
lolY error of prediction. 
The 1CL Statistical Analysis Mark 11 package provides 
two different methods of estimati~g the coefficients B1 ••••• Bp 
in the linear regression model of the fonn specified, both of 
which are based on the method of least squares. 
The first method reqUires the user to specify the 
variables that are to be. included in the regression equation, 
,regardless of their possible significance. This may be 
referred to as the ordinary multiple regression approach. 
The second method requires the user to specify only those 
variables which may be included in the regression equation and 
does not require the user to specify the number of variables or 
the combination of variables to be' entered. 
The program proceeds to find the best equation with one 
variable, two variables and so on, up to a limiting number of 
variables specified by the user. 
The method employed,is of step-wise linear regression. 
Essentially, this involves choosing, at each stage, that variable 
to enter the regreSSion equation, ,mich results in the maximum 
reduction in the residual sum of squares. After a new 
variable has been ente:red, all variables previously entered 
are examined to see whether they would have made a significant 
reduction in the residual sum of squares had they not been 
previously entered but. were being considered for entry for 
the first time. Any variables which would not still produce 
a significant reduction in the residual sum of squares are 
rejected. For a fuller description of the technique of 
step-wise regression see Draper and Smith. 80 
Both methods were used in this study. An initial 
examination of the correlation matrix suggested several 
equations worthy of examination by the method of ordinary 
multiple regression. In addition, the step-wise method was 
used to find the best equations containing up to seven variables. 
Interpretation of the Output fro~ a Regression. 
A specimen of the regression analyses is presented on 
page 107 with, for each regression equation, the following 
information:. 
(1) Estimates of the coefficients 
(2) Estimates of the standard errors of the coefficients 
(3) A t-statistic for each coefficient Bi. This is the 
ratio of the estimated coefficient to its standard error. 
(4) An F statistic, and an associated significance level, for 
assessing whether the regression equation is statistically 
significant. 
(5) Multiple correlation coefficient - R2. 
(6) An estimate of the. standard error of prediction. This is 
in fact an estimate of the standard error of the error 
random variable Ei; 
80 N. R. Draper, and H. Smith, Applied Regression 
Analysis (New York: Wiley, 1966), p. 171. 
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The F statistic obtained is the ratio of the mean 
reduction in the sum of s'l.uares due to the Bi to the mean 
residual sum of s'l.uares and is appropriate for a test of the 
hypothesis that B1 = B2 c Bp = 0 (i.e. that the variables 
x1 ••••• xp have no significance. This is called the Null 
Hypothesis (Ho). 
Under Ho, the F statistic has Fishers F distribution on 
the stated numbers of degrees of freedom and standard tables 
may be consulted to test the Null Hypothesis. 
An F statistic which is significant at the 1% level, 
indicates that in rejecting the Null Hypothesis, we would be 
incurring only a 1% chance of havine made a wrong decision. 
Having rejected the Null Hypothesis using an F test, and 
having established that the regression is statistically 
significant, we can proceed to exa~ine each variable in turn 
for significance. 
The procedure is similar to that described for examining 
the e'l.uation as a whole. On the 'Null' hy.pothesis that .the 
true value of Bi (say) is zero, the t value associated with 
the estimated coefficient for variable Xi will have a t 
distribution on the stated number of degrees of freedom and 
a test of the Null Hypothesis can be made by reference to 
tables of Student's t distribution. 
Note that for the regressions obtained by the step-wise 
technique all such t tests would prove significant, since no 
variable is included unless it can account for a significant 
reduction in the sum of s'l.uares. 
The multiple correlation coefficient R2 may be seen as an 
alternative criterion to ,the F statistic for assessing the 
significance of the regression e'l.uation. It represents the 
proportion of variation .in the y variable explained by 
regression. Hence the higher the value of R2, the better. 
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Finally, the quantity denoted by <T is a measure of the 
standard error in prediction (in yards). 
(It is worth bearing in mind that for a Normal 
distribution,5 per cent 'of' probability lies beyond two-standard 
deviations from the mean (2~ per cent both sides). Thus, 
5 per cent of the time in using our prediction formulae we 
can reasonably expect to. be in error by at least twice the 
standard error). 
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C H APT E R I V 
ANALYSIS AND DISCUSSION OF RESULTS 1973 
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CHAPTER IV 
ANALYSIS AND DISCUSSION OF R~SULTS 1973 
The purpose of this investigation was to study the 
relationship between selected puL~onary measurements, 
anthropometric indices, distance run in sixteen minutes, 
and cardiovascular fitness potential, as measured by 
maximum oxygen uptake, ~aximum oxygen debt, and certain 
variables pertaining to these measurements. 
Description of the physiological ~ata 1973-74-75. 
According to Cooper81 a man less than twenty nine years 
of age and in good physical condition can process more than 
42.5 mls. of oxygen per kilogram per minute. The mean of 
the 1973 sample was 41 m~Kg.min, while the mean for the 
1974 sample was 44 m~Kg.min. Both these means would come 
into the good category of Cooper's classification. It should 
be stated that the mean of the 1973/74 samples-areisomewhat 
lower than might be exp'ected from studies concerning comparable 
trained athletes in other sports, but in this investigation, 
in order to establish that mainly aerobic work was being 
undertaken by all subje'cts at all loads, constant checks on 
heart rate and pulmonary volume were made to ensure that the 
subject remained in a respiratory steady state even during 
the actual determination of t02 max and this may account for 
• 
these comparatively low values for V02 max. 
81 K. H. Cooper, liThe New Aerobics" 2nd edition (New York: 
Bantam, 1970), p. 28. 
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The mean o~ the forced vital capacity for 1973 was 
5.58 and 5.62L for 1974', and these are high values compared 
to those given ~or vital capacity by Comroe for healthy 
males. 82 This, of course, is to be expected from such a 
sample. Maximum voluntary ventilation gave a mean value 
of 181 I/min and 178.9 I/min for 1973 and 1974 respectively. 
These values, although high, are acceptable to Comroe et al 
1974. 83 In the 1974 sample the mean for the ~orced 
expiratory flow, and forced mid expiratory flow was 521 I/min 
and 274 I/min respectively, and both these values are within 
normal limits for young' people~84 It must, of course, be 
. realised that all functional lung volumes are related to 
height, weight, and body sur~ace area, and this must be 
considered when one is comparing studies. All. individual 
values for the various physiological parameters can be seen 
in the appendix to this' study. 
Lastly, the mean of the distance run in sixteen minutes 
in 1973 was 4,100.2 metres and 4.173.8 metres in 1974, while 
the skin fold mean for 1973 was 8.7 mm. and 8.6 mm. ~or 
1974. 
Year 
82 J. H. Comroe, et al. The Lung 2nd edition; (Chicago: 
Book Medical Publishers, 1974), p. 10. 
83 
.!.J21.g., p. 325. 
84n. R. Garbe, and H. McDonnell, "Lung Function Testing" 
2nd edition; (Buckingham: Vitalograph Ltd., 1964), p. 67. 
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1973 Sample 37 Sub;1.ects 
Correlation Matrix. ?able V. 
Sample Soccer. Cross Country. Rugby. and Hockey 
In the early stages o~ this study thirty seven subjects 
were investigated with an initial objective o~ looking at the 
measurement o~ v02 max, and ~actors pertaining to this 
measurement, such as time respiratory steady states could be 
maintained, ~nctional lung volumes, cardiac recovery, body 
composition as assessed by skin fold determination, and 
distance run in sixteen,minutes. It was envisaged at this 
time that it may be possible from a combination o~ these 
measurements to predict the average distance that may be run 
in sixteen minutes. 
Physiological measurements in re18,tion to the 16 minute run. 
The highest observed correlation was that or 0.65, between 
the maximum oxygen uptake mJ/1Cg,'min and distance run, a value 
which is statistically signi~icant at the 1 per cent level. 
It was a particularly encouraging ~inding in view o~ the 
homogeneous nature o~ the sample, all trained sportsmen 
representative o~ ~our sports, and tested while match ~it • 
• This particular measurement V02 max, was to be used in the 
regression equations ror 1973, 74, to predict average running 
speed over Sixteen minutes. 
The proportion oxygen in relation to a subjects v02 max 
which was used at 180 watts o~work on the ergometer gave an 
r =-0.38 with the criterion which is signi~icant at the 
5 per cent level. In other wordS, the lower proportion o~ 
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oxygen utilised at 180 watts, the more efficient the 
performer at that level as reflec~ed by the distance he 
was able to run in sixteen minutes. It would appear that 
the better endurance performer uses a lower proportion of 
• his V02 max at given submaximal loads, and presumably if 
necessary would be able to utilise a large proportion of 
• his V0 2 max under heavy maximal r.ork loads when called upon 
to do so. Also, the time to reach a V02 max from the 
commencement of work on the ergometer and the criterion 
gave an r = 0.36 which is significant at the 5 per cent level. 
As may be expected, skin fold gave an r =-0.34 with the 
criterion and this parameter was to be used as a predictor 
of endurance capacity in the 1974-75 sample. It would appear 
deSirable for the endurance running performer to possess only 
small amounts of body fat. Lastly, the overweight index and 
the criterion gave an r =-0.46 which adds support to the 
statement made concerning excess body fat. 
Maximum oxygen uptake r/min and ml/Kg.min in relation to 
other variables.· 
Maximum oxygen uptake r/min gave r's = 0.57, 0.43, 0.34, 
0.44, 0.49, and 0.49, with V02 max m~Kg.min. FVC, FEY 0.5s, 
0.75s, and 1.0 sec. and.MVV. Of particular interest was the 
relationship between V0 2 max and PVC which was also to be 
obtained in the 1974 sample where the implications for this 
relationship are discussed. 
The proportion of oxygen used at 180 watts and 240 watts 
gave r's = -0.39, and 0.60 with V02 max I/min, while the time 
to reach respiratory steady states from initial work loads on 
\: 
-' r 
TABLE IV 
DISTANCE COVERED IN 16 MINUTE RUN BY SUBJECTS 1973. 
400 Metre Track; 
Subjects jst Run Distance 2n2- Run Maximum OX;igen UIltake 
Covered Metres ~_tres mVKg.min. 
2 4400 4350 38 
3 4340 46 
4 4279) 4165 45 
5 4042 3973 36 
6 3641 43 
7 4694 48 
8 4280 42:86· 49.5 
9 4315 4050 46 
10 3813 42 
11 3989 3852 49 
12 4218 45 
13 4458 4460 54 
23 3526 35 
24 3520 28 
25 4338 4431 41 
26 4058 3583 38 
27 4043 3986 41 
28 3788 3775 43 
:It 29 4314 4370 42 
:It 30 3923 3750 44 
31 3726 3810 33 
32 3776 38 
33 4380 4210 43 
34 4190 33 
35 4052 4041 38 
36 3770 3893 40 
14 3758 36 
15 4080 4103 46 
16 4956 5129 52 
17 4053 3944 39 
37 3400 3521 33 
18 3904 3720 37 
19 3927 3790 38 
20 4206 43 
21 4745 4720 45 
22 4555 44 
1 4217 38 
:It Second run at Great Barr athletic track. 
the ergometer gave r's '= 0.42, and 0.74, to 240 watts and 
. 
maximum oxygen uptake load. When V0 2 max was expressed in 
ml/Kg.min, the proportion of' oxygen used at 180 watts gave 
an r = -0.34, while the time to reach a respiratory steady 
• 
state at V02 max gave an r = 0.42. 
Forced vital capacity in relation to other variables. 
As might be expected, FVC gave r's = 0.63, 0.76, 0.85. 
and 0.85 between this v'ariable and PEV 0.5s, PEV 0.75s, 
FEV 1.0s, and MVV. The physiological significance of this 
is discussed on the observations from the 1974 correlation 
matrix. Pinally, r's = 0.33, 0.37, and 0.42, were obtained 
between FVC and time in respiratory steady states at 
240 watts, the proportion of oxygen used at 240 watts, and 
. 
the time to. reach a respiratory steady state V0 2 max. The 
significance of these relationships appears to be of 
academic interest only. 
Inter-relationships between PEV 0.55. PEV 0.75s. PEY 1.0 secs., 
and MVV. 
A relationship of 0.90 between FEV 0.55, and MVV was 
obtained, and an r = 0.96 was found between PEV 0.55, and 
PEV 0.755. An r as high as 0.98 was observed between FEV 0.75s, 
and FEY 1.0s, which is understandable in view of the 
similarity of the measurements. Pinally the F1~ 0.75s and MVV 
correlated to 0.98. All these relationships are significant 
at the 1 per cent level. In view of the similarities of these 
measurements and the relationship of the FVC to V02 max I/min, 
these parame ters were included in the. 1974 sample with the 
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addition of the forced expiratory flow, and the forced mid 
expiratory flow. Finally, high positive relationships 
between time to reach respiratory steady states and time 
respiratory steady states could be held were found as well 
as relationships to other variables. 
It was decided in spite of the high positive 
relationships between time to respiratory steady states to 
time in respiratory steady states, and the proportion of 
oxygen used at various loads, not to pursue these parameters 
in 1974. because the writer felt many of these relationships 
have been realised previously and their relationship to 
distance running such as the sixteen minute run is of little 
physiological significance. 
• After examination· of these results the V0 2 max, all 
functional lung volumes, skin fold determination, and cardiac 
index were to be included in the 1974 sample. In addition to 
these measurements, the:maximum ox~gen debt, (15 subjects) 
and haemoglobin determination (39 SUbjects) were to be also 
included in the 1974 sample. 
It was decided to. retain the sixteen minute run as the 
• 
criterion because of its significant relationship to V0 2 max 
m~Kg.min indicating the aerobic nature of such a distance 
run. The individual distances run by the subjects for 
1973-74 can be seen on pages 97 and 120 respectively. 
, , 
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KEY TO 1973 MEASUREMENTS 37 SUBJECTS 
1 • DIST R 
• 2. VO LTS 
• 3. VO MLS 
4. FEV 0.5 
5. FEV 0.75 
6. FEV 1.0 
7. FVC 
8. MW 
9. Heart. 
10. Skin. 
(Distance run in sixteen minutes) metres. 
(Maximum oxygen uptake l/min. (S.T.P.D.) 
(Maximum oxygen uptake mJ/Kg.min (S. T. P. D. ) 
(Forced expira to ry volume in 0.5 second) mls. 
(Forced expiratory volume in 0.75 second) mls. 
(Forced expiratory volume in 1.0 second) mls. 
(Forced vital capacity) mls. 
(Maximum voluntary ventilation, FEV 1.0 x 37.5) 
r/Min. 
(Decrease in heart rate over two minutes following 
cessation of exercise). 
(Skin fold determination) mm. 
11. Overweight (Overweight index). 
12. 180 TT (Time to reach a respiratory steady state at 
180 watts.) secs. 
13. 180 Ti 
14. 180% V 
15. 220 TT 
16. 220 Ti 
17. 220% V 
18. 240 TT 
19. 240 Ti 
20. 240% V 
21. IjIAX TT 
22. MAX Ti 
(Time in a respiratory steady state at 180 watts.) 
secs. 
• (Proportion of V02 max used at 180 watts.) 
(Time to reach a respiratory steady state at 
220 watts:) secs. 
(Time in a respiratory steady state at 220 watts) 
secs. 
• (Proportion of V02 max used at 220 watts.) 
(Time to reach a respiratory steady state at 
240 watts.) secs. 
(Time in a respiratory steady state at 240 watts.) 
secs. 
• (Proportion of V02 max used at 240 watts.) 
• (Time to reach V02 max from starting load.) secs. 
(Time V02 max could be maintained in a respiratory 
steady state.) secs. 
DIST R 
• VO LTS 
• VO MLS 
FEY 0.5 
FEY 0.75 
FEY 1.0 
FVC 
MVV 
HEART 
SKIN 
OVERWEIGHT 
180 TT 
180 Ti 
180% V 
220 TT 
220 Ti 
220"). V 
240 TT 
240 Ti 
240 %V 
MAX TT 
MAX Ti 
Table V 
Correlation Matrix 1..9..1l • 
• • DIST R VO LTS VO MLS FEV 0.5 
1.00 .29 .65 .05 
.29 1.00 .57 034 
.65 .57 1.00 .14 
.05 .34 .14 1.00 
.02 .44 .11 .96 
.00 .49 .08 .90 
-.03 .43 -.11 .63 
.00 .49 .08 .90 
.11 -.00 -.07 -.03 
-.34 .08 -.42 -.01 
-.46 .10 -.49 -.10 
-.05 .01 .20 -.00 
-.13 .23 -.03 .21 
-.38 -.39 -.34 -.21 
.08 .05 -.03 .06 
.20 .31 .06 .13 
.01 .21 . .04 .17 
.23 .42. .29 .06 
.22 .71 .36 .13 
.16 .60 .22 .25 
.36 .74 .42 016 
.26 .03 .01 .16 
.05 level of confidence ~ .325 
.01 level ,of confidence = .418 
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FEY 0.75 FEV 1.0 
.02 .00 
.44 .49 
.11 .08 
.96 .90 
1.00 .98 
.98 1.00 
.76 .85 
.98 1.00 
-.09 -.13 
-.00 .00 
-.06 -.03 
-.07 -.10 
.24 .25 
-.23 -.25 
.06 .06 
.13 •. 14 
.21 .22 
.12 .18 
.22 .29 
.34 .39 
.27 .35 
.13 .11 
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TABLE V (Contd.) 
Correlation Matrix 1973 
FVC MVV 
• HEART SKIN OVERWEIGHT 180 TT 
DIST R -.03 .00 ; 11 -.34 -.46 -.05 
• VO LTS .43 .49 -.00 .08 .10 .01 
• VO MLS -.11 .08 · -.07 -.42 -.49 .20 
FEV 0.5 .63 .90 · -.03 -.01 -.10 -.00 
FEV 0.75 .76 .98 -.09 -.00 -.06 -.07 
FEV 1.0 .85 1.00 -.13 .00 -.03 -.10 
FVC 1.00 .85 -.10 .07 .09 -.13 
MVV .85 1.00 -.13 .00 -.03 -.10 
HEART -.10 -.13 1.00 .34 .40 -.02 
SKIN .07 .00 .34 1.00 .73 -.18 
OVERWEIGHT .09 -.03 .40 .73 1.00 -.17 
180 TT -.13 -.10 -.02 -.18 -.17 1.00 
180 Ti .28 .25 -.24 -.06 .03 .05 
180"~ V -.27 -.25 -.16 .14 -.01 .08 
220 TT .11 .06 .31 .03 .14 .09 
220 Ti .21 .14 -.16 -.08 .05 .00 
220% V .25 .23 .41 .15 .17 .07 
240 TT .20 .18 .01 .10 .02 -.22 
240 Ti .33 .29 -.14 .05 .07 -.10 
240 %V .37 .39 -.02 .05 .15 -.20 
MAX TT .42 .35 -.11 -.11 .07 .10 
MAX Ti .15 .11- .-.22 -.15 -.18 -.15 
.05 level of confidence = .325 
.01 level of confidence = .418 
DIST R 
• VO LTS 
• VO MLS 
FEV 0.5 
FEY 0.75 
FEV 1.0 
]'VC 
MVV 
HEART 
SKIN 
OVERWEIGHT 
180 TT 
180 Ti 
180% V 
220 TT 
220 Ti 
220% V 
240 TT 
240 Ti 
240 %V 
MAX TT 
MAX Ti 
TABLE V (Contd.) 
Correlation Matrix 1973 
180 Ti 180"~ V 220 TT 220 Ti 
-.13 -.38 .08 .20 
.23 -.39, .05 .31 
-.03 -.34 -.03 .06 
.21 -.21: .06 .13 
.24 -.23 .06 .13 
.25 -.25· .06 .14 
.28 -.27 .11 .21 
.25 -.25 .06 .14 
-.24 -.16, .31 -.16 
-.06 .14 .03 -.08 
.03 -.01 .14 .05 
.05 .08 .09 .00 
1.00 -.09 -.11 .17 
-.09 1.00. -.37 -.19 
-.11 -.37 1.00 .43 
.17 -.19 .43 1.00 
.01 -038 .70 .16 
.10 -.44, .01 .13 
.32 -.29 -.02 .40 
.27 -.43 . .02 .35 
.28 -.48 .13 .45 
.26 .04 -.08 .42 
.05 level 'ot: cont:idence = .325 
.01 level ot: cont:idence = .418 
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220% V 240 TT 
.01 .23 
.21 .42 
.04 .29 
.17 .06 
.21 .12 
.22 .18 
.25 .20 
.23 .18 
.41 .01 
.15 -.10 
.17 .02 
.07 -.22 
.01 .10 
-.38 -.44 
.70 .01 
.16 .13 
1.00 .15 
.15 1.00 
.09 .54 
.18 .85 
.22 .47 
-.17 -.17 
DIST R 
• VO LTS 
• VO MLS 
FEV 0.5' 
FEY 0.75 
FEV 1.0 
FVC 
MVV 
HEART 
SKIN 
OVERWEIGHT 
180 TT 
180 T1 
180% V 
220 TT 
220 T1 
220"" V 
240 TT 
240 T1 
240 %V 
MAX TT 
MAX T1 
TABLE V (Contd.) 
Correlation Ma trtx 1973 
240 Ti 240 %V MAX TT 
.22 
.71 
.36 
.13 
.22 
.29 
.33 
.29 
-.14 
.05 
.07 
-:':.10 
.32 
-.29 
-.02· 
.40 
.09 
.54 
1.00 
.73 
.71 
.15 
.16 .36 
.60 .74 
.22 .42 
.25 .16 
.34 .27 
.• 39 .35 
.37 .42 
.39 .35 
-.02 -.11 
.05 -.11 
.15 .07 
-.20 .10 
.21 .28 
-.43 -.48 
.02 .13 
.35 .45 
.18 .22 
.85 .47 
.73 .71 
1.00 .64 
.64 1.00 
.01 .11 
.05 level or conr1dence = .325 
.01 level or conr1dence = .418 
,t", ( 
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MAX Ti 
.26 
.03 
.01 
.16 
.13 
.11 
.15 
.11 
-.22 
-.15 
-.18 
-.15 
.26 
.04 
-.08 
.42 
-.17 
-.17 
.15 
.Ot 
.11 
1.00 
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. .1.2.13. 
TABLE VI 
Means, Minimum, Maximum and Standard Deviations 
Means Minimum Maximum Standard 
Deviation 
DIST R 4100 3400 4956.00 353.21 
• 
VO LTS 3.04 2.07 3.91 0.35 
• 
VO MLS 41.34 . 28.00 54.00 5.66 
FEV 0.5 3802 2620.00 5250.00 668.10 
FEV 0.75 4444 3440.00 6100.00 700.18 
FEV 1.0 4845 3650.00 6650.00 731.00 
FVC 5588 3870.00 7725.00 853.39 
MW 182 :136.80 249.30 27.41 
HEART 50.0 25.00 71.00 9.24 
SKIN 8.8 5.40 16.10 2.42 
OVERWEIGHT 94.5 80.20 131.50 9.68 
180 TT 260 180.00 450.00 65.21 
180 Ti 131 ' 55.00 480.00 97.57 
180% V 72 41.80 100.00 11.56 
220 TT 204 0.00 420.00 . 80.97 
220 Ti 129 0.00 840.00 135.45 
220% V 84 0.00 100.00 21.68 
240 TT 138.7 0.00 300.00 100.83 
240.Ti 90.00 0.00 260.00 74.31 
240% V 68.34 0.00 100.00 42.52 
MAX TT 12c33.38 270.00 1995.00 409.75 
MAX Ti 82.84 . 60.00 270.00 44.47 
1Ub, 
Multiple Regression Prediction f~~rmulae for 1973 Sample. 
In 1973 the correlation matrix was examined and 
several meaningful physiological parameters were extracted 
and used in order to predict average ru=ing speed over 
sixteen minutes. Multiple regression techniques were 
applied in order to accomplish this. Fonnulae A to F can 
be seen on pages 107 -' 112, while other regression 
formulae appear later. 
In this pilot design the writer felt it necessary to 
ascertain if the average distance run by a group in 
sixteen minutes could be predicted so that in future 
designs 1974-75 it may be possible to select sound 
physiological and more meaningful parameters in order to 
accomplish the prediction of endurance capacity as 
assessed by the sixteen minute run. The prediction 
formulae are listed from A to V throughout this study 
with the letter 0 not being included. 
TABLE VII 1973 SAMPLE 
MULTIPLE REGRESSION BETWEEN THE CRITERION (j 6 MINUTE RUN) AND 
ONE INDEPENDENT VARIABLE (FORMULA A) 
DISTANCE RUN = 2404.07 + 41.032(VO MLS) = ·270.0 
s. e. . <331.8':2)· = 0.657 
t = 26.20 
01 = Standard error of prediction 
R2 = Multiple correlation 
F = F statistic for testing hypothesis that all variables have 
no real bearing on dependent variable (distance run). 
Regression significant at the 0.1% level. 
... 
TABLE VIII 1973 SAMPLE 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
TWO INDEPENDENT VARIABLES (FORMULA B) 
DISTANCE RUN = 2247.94 + 40.733(VO MLS) + 2.034(MAX Ti) 
s. e. = (0.966) 
= 257.66 
= 0.705 
-_._---_ .. -
t F 2 ,34 = 
Regression significant at the 0.1% level 
TABLE IX 1973 SAMPLE 
MULTIPLE REGRESSION BETVffiEN THE CRITERION (16 MINUTE RUN) AND 
THREE INDEPENDENT VARIABLES (FORMULA C) 
DISTANCE RUN = 1724.533 + 41.734 (vo MLS) + 2.45 (MAX Ti) + 8.946 (HEART)(} = 247.7 
s. e. (0.953) (4.60) 
--------'--~ -_ .... _-..,.------
t (2.57) 
Regression significant at the 0.1% level 
.... 
o 
\D 
TABLE x 1973 SAMPLE 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
FOUR INDEPENDENT VARIABLES (FORMULA D) 
• 
DISTANCE RUN = 2855.553 + 33613 (VO MLS) + 2.23 (MAX Ti) + 12.634 (HEART) - 10.178 (OVERWEIGHT)cr = 237.85 
S. e. (0.922) (4.806) (5.232) R2 = 0.773 .. 
--------------------
t 
Regression Significant at the 0.1% level 
TABLE XI 1973 SAMPLE 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
FIVE INDEPENDENT VARIABLES (FORMULA E) 
DISTANCE • 
RUN ;= 3388.645 + 23.0(VO MLS) + 0.22(MAX TT) + 1.937(MAX Ti) + 15.021 (HEART) - 15.055(OVERWEIGHT)<J= 229.0!.j 
s. e. (734.50) . (9.69) (.90) R2 = 0.79 
t (1.88) (2.66) 
Regression Significant at the 0.1% level 
TABLE XII 1973 SAMPLE 
. MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
SIX INDEPENDENT VARIABLES (FORMULA F) 
DISTANCE = 3769.278 + 23.69(VO MLS) - 1.072(180 TT) + 0.24(MAX TT) + 1.614(MAX Ti) + 1.5241 - 16.5280- = 221.05 
RUN (HEART) (O~ERWEIGHT) ... 
s. e. (739.66) (9.36) (0.89) 
t 
Regression slgnirlcant at the 0.1% level 
,. -" 
~ 
" 
,'-' 
Summary of Multiple Regression Prediction Formulae 
1973 Sample 
All the six regressions pages 107-112 have an overall 
F statistic which is significant at the 0.1 per cent level. 
Also, as the number of variables included increased from 
one to six it can be seen that the R2 gradually increases, 
and the estimated standard error gradually decreases. 
An inspection of individual t values relating to 
variables in equations D, E, and F suggests (a) That a six 
variable equation is not warranted (see t values for 
equation formula F). (b) Similarly the five variable 
equation formula E is not warranted. It has a t value of 
1.88 on MAX TT although a lower standard error than three 
variable equations. 
It would appear that formula B is simple in design 
and could be used, but that model C although more complex 
in design, has a greater degree of predictive accuracy. 
Further, it should be stated that, although 'heart' (cardiac 
two minute index procedure) was standardised for each subject, 
the work loads to reach a true V0 2 max were not identical in 
every case, and this would obviously affect the size of the 
cardiac index. Also, because all the loads could not be 
• standardised, the time to reach a Y02 max would be partly 
dependent on the load, and this would also affect the time 
a subject's V02 max could be maintained at a given load. 
Nevertheless, the logic of using several physiological 
variables rather than one isolated variable in order to 
predict distance run in sixteen minutes is obvious, and will 
114 
be investigated further in the 1974 sample. It must be 
realised that variables.are selected for inclusion in a 
regression equation on the grounds of statistical 
significance alone, and that it rests with the investigator 
to decide on the interpretation of the overall equation. 
Consequently the variable 'heart' although in itself not 
of great importance physiologically in relation to 
distance run is included in several equations since it 
contributes to the equations as a whole, through its 
correlation with other variables. 
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ANALYSIS AND DISCUSSION OF RESULTS 1974 
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116 
1974 Sample. 39 Subjects 
Correlation Matrix - Table XVI 
Sample Soccer. 
Physiological measurements in reJ~tion to the 16 minute run. 
In this homogeneous sample a negative r = -0.09 was 
obtained between V02 max r/min and distance run, while an 
r = 0.32 was obtained between ml/Kg.min and the criterion 
which is just significant at the 5 per cent level. This is a 
particularly interesting finding in view of the nature of the 
sample, and has implications for the selection of players for 
certain positions such as half backs, for which a high endurance 
capacity is required. An r = -0.53 between F.E~F. and the 
criterion was of interest in view of the fact that the F.E.F. 
as previously stated indicates the speed at which the first 
litre of air leaves the lungs. Consequently, the F.E.F. was 
later used in the regression formulae, to predict average 
running speed over sixteen minutes. 
Height, weight and.body surface area gave r's = -0.33, 
-0.36, and -0.39 with the criterion all significant at the 
5 per cent level. As is to be expected, the smaller, lighter 
performer appears to be capable of higher endurance capacity 
as indicated by the sixteen minute run. Of further interest 
was the r = -0.53 relationship between skin fold mean, and 
the criterion which corresponds to the previous statement 
concerning height, weight, and body surface area. The r = -0.34 
correlation between haemoglobin and the criterion seems Obscure 
and is possibly opposite to what one may have expected from a 
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physiological viewpoint and conse~uently was omitted from 
the 1975 sample. Lastly B.S.A. gave an r = -0.39 with the 
criterion. These results can be seen on Table XVI. 
Maximum oxygen uptake I!min and m2/Kg.min in relation to 
other variables. 
• Maximum oxygen uptake I/min correlated 0.45 with V0 2 max 
mJ/Kg.min and 0.33 with F. V. C. The relationship between 
• forced expiratory flow and V0 2 max I/min r = 0.34 is 
physiologically significant in view of previous statements 
• discussed relating to the F.E.F. The V02 max r/min gave 
r= 0.49 and 0.42 between weight and body surface area, 
because weight is used in the calculation of body surface 
area whereas weight, when related to V0 2 max mJ/Kg.min gave 
an r = -0.49 which is as expected. A significant positive 
• 
relationship between weight and V02 max I/min is usual and 
this should be considerably reduced as a result of expressing 
• the V0 2 max in r/min to mJ/Kg.min. The reason for this is 
that heavier people normally have larger amounts of active 
tissue than do lighter people. Because of this they are able 
to consume larger amounts of oxyge~when exercised to high 
levels. ilnen this volume is expressed in ml/Kg.min, weight 
is not considered, making it possible to compare the maximum 
oxygen uptake of individuals who vary in weight. Height, body 
surface area, and skin fold gave r's = -0.40, -0.52 and -0.45 
• 
with V02 max mllKg.min and this appears to support the 
• 
assumption that if we accept the view that VO max mllKg.min 
2 
is a potential predictor of distance running performance, then 
the best endurance physique is generally of small size" 
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• It is interesting that the proportion V0 2 max at 180 watts 
has a correlation of -0.55 with V0 2 max l/min, a figure 
which is significant at the 1 per cent level, but no 
significance is seen when the V02 max l/min is converted 
• 
to ml/Kg.min. Presumably the lower proportion V0 2 max used 
at 180 watts in relation to the subject's V02 max then the 
more efficient the performer, because he requires to utilise 
less oxygen for a given work load. However, no significant 
• 
correlation was found between the proportion V02 max used at 
180 watts and distance run, which is contrary to similar 
research conducted by Costill et al. 85 Proportion 
V0 2 max 180 watts gave an r = -0.55 with V0 2 max l/min 
which is physiologically understandable. 
Forced vital capacity in relation to other variables. 
Functional lung measurements as expected correlated highly 
with each other and r = 0.45, 0.58, 0.72, 0.72, were found 
between F.V.C. and F.E.V. 0.5 s, F.E.V. 0.75 s, F.E.V. 1.0 s, 
and M.V.V. Height, weight and body surface area gave r = 0.67, 
0.64, and 0.72 with F.V.C. and indeed Astrand suggests that V.C. 
is related to body size and will vary approximately as the cube 
of a linear dimension such as body height. 56 
85Costill, Thomason, and Roberts, ~. cit., p. 248. 
86 P. O. Astrand, ~. cit., p. 203. 
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Body surface area in relation to other variables. 
Body surface area correlated highly with some of the 
functional lung measurements, nemely 0.46,0.61, with F.E.F. 
and M.V.V. respectively, both of which are significant at 
the 1 per cent level. Skin fold, and the overweight index 
gave r's = 0.63, and 0.42 with the B.S.A. 
Skin fold in relation to other v~riables. 
Skin fold related 0.47, and 0.60, with height and 
weight and 0.33 with the overweigbt index which is a ratio 
between height and weight. 
Forced expiratorY volume 0.5 sec. I 0.75 sec.! and 1.0 sec. in 
relation to other variables. 
As expected, all these parameters correlated highly with 
each other, r = 0.96 being observed between F.E.V. 0.5 sec, and 
F.E.V. 0.75 sec., while F.E.V. 0.5 sec. and F.E.V. 1.0 sec 
gave an r = 0.84. Every single functional lung volume showed 
high positive correlations with each other, notably high being 
the F.E.V. 1.0 sec. correlating 1.0 with the M.V.V. Of special 
interest was the fact that of all the functional lung volumes 
only the forced expiratory flow was related to distance run, 
consequently the F.E.F. assumed prominent predictive power 
in later regression equations. Lung function and body 
composition measurements on four of the same subjects that 
were used in the samples of both 1973-74 can be seen on pages 
121 and 122. 
TABLE XIII 
DISTANCE COVERED IN :16 MINUTE RUN BY SUBJECTS 1974 
217 Metre Trac:< 
Subjects 1 st Run Distance 2nd-"'l.~ Maximum Oxygen Uptake 
Covered Me tres Metres m~min. 
32 4775 49 
39 4508 4706 45 
29 4499 4688 50 
36 4477 4321 42 
33 4387 3920 40 
25 4366 4450 48 
2 4322 4026 38 
5 4298 4088 36 
7 4288 45 
37 4248 4171 38 
13 4235 4265 42 
39 4204 42 
21 4198 44 
31 4156 4426 4& 
26 4153 43 
16 4144 4199 39 
30 4144 3995 43 
18 4135 45 
3 4121 4085 41 
8 4117 4035 49 
34 4098 4189 41 
17 4097 48 
35 4094 4026 42 
22 4080 40 
24 4077 47 
20 4040 4208 46 
9 4035 3845 44 
28 3975 4099 44 
27 3975 4298 50 
15 3941 3926 36 
10 3941 3969 46 
19 3936 4081 45 
11 3923 3845 45 
6 3858 3808 43 
1 3857 3849 41 
23 3829 40 
14 3827 4026 49 
12 3686 3609 38 
4 3637 3824 44 
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TABLE XIV 
BODY COMPOSITION MEASUREM-ENTS ON SAME SUBJECTS (1973-74) 
1973 Vft/Kg Overweight Mean Skinfold 
Index % Measurements {mm} 
S. P. 77 105.5 12.5 
D.P. 86 106.1 10.9 
T. V. 77 . 95.1 7.6 
M. s. 72 101.4 12.9 
1975 W1/Kg 
S.P. 76 102.70 10.92 
D. P. 83 103.75 8.8 
T. V. 76 93.82 9.4 
M. s. 70 '97.22 10.4 
The above four subjects were the only subjects 
that were used in the.samples of 1973 and 1974. 
It can be observed from this table that the 
differences in these ~easurements are amall. 
1973 
MLS 
FVC/BTPS 
s. P. 5550 
D.P. 6360 
T.V. 5550 
M.S. 5330 , 
TABLE XV 
LUNG FUNCTION MEASUREMENTS ON SAME SUBJEC'fS (1973-74) 
1974 1973 1974 1973 1974 1973 1974 1973 
MLS 
FEV 0.5sec 0.75sec FEV 1 sec MVV I/MIN 
5750 4590 4750 5050 5100 5210 5300 
6400 3525 3900 4490 4800 5100 5300 
5900 3800 3550 4350 4250 4750 4775 
5400 3580 3750 4220 4450 4630 4850 
All measurements recorded to BTPS 
The above four subjects were the only subjects that were used 
in the samples of 1973 and 1974. 
195.38 
191.25 
178.3 
173.73 
It can be noticed that many of the measurements are similar for 
both years. This applies particularly to the M.V.V. 
1974 
198.7 
198.7 
178.7 
162.6 
..... 
I\) 
I\) 
• 
, . 
KEY TO 1974 MEASUREMENTS V02 M¥ SAMPLE 39 SUBJECTS 
1. DIST M. 
• 
2. VO LTS 
• 3. VO MLS 
4. FEV 0.5 
5. FEV 0.75 
6. FEV 1.0 
7. FVC 
8. MVV 
9. FEF 
10. FMEF 
11. SKIN 
(Distance run in sixteen minutes) YDS. 
(Maximum oxygen uptake l/min). S.T.P.D. 
(Maximum oxygen uptake m~Kg.min). S.T.P.D. 
(Forced expiratory volume in 0.5 second) mls. 
(Forced expirator;'l volume in 0.75 second) mls. 
(Forced expirator;)' volume. in 1.0 second) mls. 
(Forced vital capacity) mls. 
(Maximum voluntary ventilation, FEV 1.0 x 37.5) 
l/min. 
(Forced expiratory f'low). l/min. 
(Forced mid expiratory f'low) l/min. 
(Skin f'old determination) mm. 
12. OVERWEIGHT (Overweight index). 
13. WRATE. (B.R.) (Breathing rate taken during measurement 
of' V02 max f'or one minute). 
14. HEIGHT ems. 
15. WEIGHT Kg. 
16. si AREA 
17. HEART 
18. TOTAL O2 
(BSA) sq. ems. 
(Decrease in heart rate over two minutes 
f'ollowing cessation of' exercise). 
CONSUMPTION (Oxygen used at 180 watts on ergometer S.T.P.D.) 
• 19. VO MAX 
20. H/GLOB. 
m~Kg.min. 
(Proportion V02 max at 180 watts ergometer. 
(g of' Hb per 100 ml of' bleed). 
TABLE XVI 
• Correla tion Matrix 1974. V..Q2 max sample. 
DIST M 
• VO LTS 
• VO MLS 
FEV 0.5 
FEV 0.75 
FEV 1.0 
FVC 
MVV 
}<'EF 
FMEF 
SKIN FOLD 
OVERWEIGHT 
B/RATE 
HEIGHT 
WEIGHT 
S/AREA 
HEART 
TOTAL 02 
CONSUMPTION 
• VO MAX 
H/GLOB 
87 
87 
• • DIST M VO LTS VO MU> 
1.00 -.09 .31 
-.09 1.00 .45 
·31 .45 1.00 
-.26 .19 -.19 
-.22 .22 -.23 
-017 .26 -.28 
-.14 .33 -.30 
-.17 .26 -.28 
-.53 03} .. -.15 
-.01 .08 -.13 
-.53 .11 -.45 
-.14 .37 -.26 
-.24 -.19 -.07 
-.33 .24 -.40 
-.36 .49 -.49 
-.39 .42 -.52 
.25 .21 .02 
.15 -.18 .46 
-.08 -.55 -.23 
-.34 .09 
-.14 
.05 level or conridence = 0.32 
.01 level or conridence = 0.41 
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FEV 0.5 
-.26 
.19 
-.19 
1.00 
.96 
.84 
.45 
.84 
.69 
.74 
.49 
.28 
.07 
.30 
.44 
.44 
-.06 
-·37 
-.22 
.13 
E. S. Pearson, and H. O. Hartley Biometrika tables ror 
Statisticians (Vol. 1. Table 13. Cambridge University Press, 
1956), p. 138. 
TABLE XV:!;. (Contd.) 
• Correlation Matrix 1974. V02 max sample. 
DIST M 
• VO LTS 
• VO MLS 
FEV 0.5 
FEY 0.75 
FEY 1.0 
JlVC 
MVV 
FEF 
FMEF 
SKIN FOLD 
OVERWEIGHT 
PIRATE 
HEIGHT 
WEIGHT 
S/AREA 
HEART 
TOTAL 02 
CONSUMPTION 
• VO MAX 
H/GLOB 
FEV 0.75 FEV 1.0 FVC 
-.22 -.17 -.14 
.22 .26 
·33 
-.23 -.28 -.30 
.96 .84 .45 
1.00 .95 .58 
.95 1.00 .72 
.58 .72 1.00 
.95 .99 .72 
.58 .L,5 .29 
.81 .78 .25 
.48 .1+5 .36 
.28 .28 .19 
.00 -.11 -.35 
.37 .49 .67 
.49 .57 .64 
.51 .61 .72 
-.05 .01 .01 
-.48 -.55 -.49 
-031 -.36 -.30 
.11 .09 .07 
.05 level o~ co~idence = 0.32 
.01 level o~ co~idence = 0.41 
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MVV FEF 
-.17 -.53 
.26 .34 
-.28 -.15 
.84 .69 
.95 .58 
.99 .45 
.72 .29 
1.00 .45 
.45 1.00 
.78 .24 
.45 .40 
.28 030 
-.11 .15 
.49 .31 
.57 .47 
.61 .46 
.01 .10 
-.55 -.26 
-.36 -.16 
.09 .34 
i ! 
TABLE XVI (Contd.) 
• Correlat~on Matrix 1974. V0 2 max sample. 
DIST M 
• VO LTS 
• VO MLS 
FEV 0.5· 
FEV 0.75 
FEV 1.0 
FVC 
llVV 
FEF 
ThIEF 
SKIN FOLD 
OVERWEIGHT 
B/RATE 
HEIGHT 
V'IEIGHT 
S/AREA 
HEART 
TOTAL 02 
CONSUMPTION 
• VO MAX 
H/GLOB 
:b'MEF SKIN FOLD OVERWEIGHT 
-.01 -.53 -.14 
.08 .11 .37 
-.13 -.45 -.26 
.74 .49 .28 
.81 .48 .28 
.78 .45 .28 
.25 .}6 .19 
.78 .45 .28 
.24 .40 .30 
1.00 .28 .27 
.28 1.00 .33 
.27 .33 1.00 
.08 -.04 -.03 
.12 .47 -.14 
.30 .60 .67 
.27 .63 .42 
-.00 -.23 .24 
-.36 -.50 -.39 
-.25 -.18 -.24 
-.01 .16 .08 
.05 level of confidence = 0.32 
.01 level of confidence = 0.41 
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B/RATE HEIGHT 
-.24 -.33 
-.19 .24 
-.07 -.40 
.07 .30 
.00 .37 
-.11 .49 
-.35 .67 
-.11 .49 
.15 .31 
.08 .12 
-.01+ .47 
-.03 -.14 
1.00 -.17 
-.17 1.00 
-.14 .62 
-.17 .83 
.20 -.07 
.05 -.50 
.13 -.21 
.00 .19 
TABLEXYI (Contd.) 
. 
Correlation Matrix 1974. VQ.2 max sample 
DIST M 
• VO LTS 
• VO MLS 
FEV 0.5 
FEY 0.75 
FEV 1.0 
PVC 
MVV 
FEF 
FMEF 
SKIN FOLD 
OVERWEIGHT 
WRATE 
HEIGHT 
WEIGHT 
S/AREA 
HEART 
TOTAL 02 
CONSUMPTION 
• VO MAX 
H/GLOB 
WEIGHT S/AREA HEArtT TOTAL 02 
CONSUMP-
TION 
-.36 -.39 .25 .15 
.49 .42 .21 -.18 
-.49 -.52 .02 .46 
.44 .44 -.06 -.37 
.49 .51 -.05 -.48 
.57 .61 .01 -.55 
.64 .72 .01 -.49 
.57 .61 .01 -.55 
.47 .46 .10 -.26 
.30 .27 -.00 -.36 
.60 .63 -.23 -.50 
.67 .42 .24 -.39 
-.14 -.:17 .20 .05 
.62 .83 -.07 -.50 
1.00 .95 .14 -.66 
.95 1.00 .06 -.67 
.14 .06 1.00 -.00 
-.66 -.67 -.00 1.00 
-.34 -.31 -.04 .72 
.23 .22 -.00 -.16 
.05 level 'of confidence' = 0.32 
.01 level of confidence = 0.41 
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• H/GLOB VO MAX 
-.08 -.34 
-.55 .09 
-.23 -.14 
-.22 .13 
-.31 .11 
-.36 .09 
-.30 .07 
-.36 .09 
-.16 .34 
-.25 -.01 
-.18 .16 
-.24 .08 
.13 .00 
-.21 .19 
-.34 .23 
-.31 .22 
-.04 -.00 
.72 -.16 
1.00 -.07 
-.07 1.00 
• 
.12:& 
TABLE XVII 
Y.Q2'max samule 
Means. Minimum, Maximum and Standard Deviat~. 
Means Minimum Maximum Standard 
Deviations 
DIST M 4565 4031.00 5222.00 263.41 
• VO LTS 3.16 . 2.59 3.83 0.28 
• VO MLS 43.49 36.0 ·50.00 3.84 
I<'EV 0.5 3541 2100 4750.00 5888 
FEV 0.75 4302 3000 5100.00 5566 
FEV 1.0 4772 3500 5700.00 5209 
F'VC 5629 4600 640.00 46.69 
MVV 179 131.20 213.70 19.54 
FEF 52:1 227.00 1000.00 190.83 
FMEF 274.6 134.00 400.00 62.07 
SKIN FOLD 8.62 5.5 11.60 1.63 
OVERWEIGHT 96.3 83.7 109.3 6.48 
WRATE 41 21.00 62.00 7.01 
HEIGHT 175.4 164.00 186.00 4.91 
WEIGHT 72.5 62.00 85.00 6.33 
S/AREA 1.88 1.68 2.06 0.10 
HEART 57.31 40.00 100.00 11.46 
TOTAL 02 
CONSUMPTION 32.10 25.00 43.00 4.47 
• 9.34 VO Max 74.7 55.60 99.90 
H/GLOB 14.4 12.4 17.50 1.18 
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Multiple Regression Prediction Formulae 1974 V02~. 
In the 1974 Soccer sample the forced expiratory flow, 
and forced mid expiratory flow, were included in addition 
to functional lung measurements taken in the 1973 sample. 
Haemoglobin determinations were also made on each SUbject. 
The criterion used to predict average running speed was 
the same as 1973, namely the sixteen minute run. 
In 1974 the correlation matrix was also examined and 
several further physiological parameters were extracted 
and used in order to predict average running speed over 
sixteen minutes. As for 1973 multiple regression 
techniques were applied in order to achieve this. 
Formulae G to T can be seen on pages 130 - 142 respectively. 
• 
TABLE XVIII V0 2 Max 1974 SalJlpl~ 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
FOUR INDEPENDENT VARIABLES (FORMULA G) 
DISTANCE RUN = 4448.308 + 9.736 (VO MLS) - 5809 (SKIN) + 258.26 (S AREA) - 0.56 (FEF) 
S. e 
t 
(28,35) 
(2.68)** 
Regression significant at the 0.5% level 
er = Standard error of prediction 
R2 = Multiple correlation 
(0.21 ) 
F = F statistic for testing Hypothesis that all variables have 
no real bearing on dependent variable (distance run) • 
• 
= 212.8 
2 R = 0.645 
Where V02 max included in title no debt measurements included. 
• 
TABLE XIX V02 Max 1974 Sample 
MULTIP~_R~~RESSION BE~VEEN THE CRITERION (16 MINUTE RUN) AND 
1li.REE INDEPENDENT VARIABLES (FORMULA H) 
DISTANCE RUN = 5490.9 - 82.94 (SKIN) + 4.49 (VO tilLS) - 9.9 (WRATE) () = 219.8 
S. e (645.6) (24.6) (10.47) 
t 
Regression significant at the 0.1% level 
• TABLE XX V0 2 Max 1974 Sample 
MULTIPLE REGRESSION BETWEJ<.Jf THE CRITERION (16 MINUTE RUN) AND 
THREE INDEPENDENT VARIABLES (FORMULA I) 
DISTANCE RUN = 4954.108 + 7.709 (vo MLS) - 0.5287 ~FEF) - ?2.138 (SKIN) 
.() = 210.5 . '.'~. 
S. e (0.196) R2 = 0 64 ~ . 
t (0.77) (2.69) (2.05) 
Regression significant at the 2~% level 
• 
TABLE XXI V0 2 M.ax 1974 Sample 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
TWO INDEPENDENT VARIABLES (FORMULA J). 
DISTANCE RUN = 4943.47 + 6.82 (VOMLS)- 78.38 (SKIN) (j' = 228.15 
S. e 2 R = 0.538 
t (0.63) (3.08) 
Regression Significant at the 2~ level 
• 
TABLE XXII V0 2 Max 1974 Sample 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
TWO INDEPENDE.t~T VARIABLES (FORMULA K) 
DISTANCE RUN = 4673.41 + 94.64 (VO LTS) - 0.78 (FEF) 
S. e (2.06) R2 ~ 0 54 
- . 
t (0.66) (3.80) 
Regression signiricant at the 0.1% level 
• TABLE XXIII V0 2 Max 1974 Sample 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
THREE INDEPENDENT VARIABLES (FORMULA L). 
DISTANCE RUN = 4640.30 - 191.07 (S AREA) - 0.645 (FEF) - 114.269 (VO MLS) 0- = 222.3 
S. e (1210) (0.215) (11.12) 
---------~.--.--.----,------- ._--_ •. _--
t ( 1 .28) 
Regression significant at the 2~ level 
• 
TABLE XXIV V02 Max 1974 Sample 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
ONE INDEPENDENT VARIABLE (FORMULA Ml .. 
DISTANCE RUN = 4947.9 - 0.7355 (FEF) (f: =225.8 .. 
S. e (106) R2 ~ 0 53 
- . 
t 
Regression signiricant at the 0.1% level 
• TABLE XXV V02 Max 1974 Sample 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
TWO INDEPENDENT VARIABLES (FORMULA N) 
DISTA!'C~.l(UN ': 5;359.679 - 0.524 (~EF) -. 60.6Q (SKIN) . 0. = 209.4 
S. e (0.195) (22.8) 
t (2.68) (2.66) 
Regression significant at the 0.1% level 
• TABLE XXVI V02 Max 1974 Sample 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
FOUR INDEPENDENT VARIABLES (FORMULA p) 
DISTANCE RUN = 4585.264 + 1.9317 (FEY .5) - 0.9645 (PEF) - 63.87 (SKIN) + 6.077 (HEART) 
S. e (.77) (0.23) (.23) (.29) 
t (2.82) 
Regression Significant at the 0.1% level 
R2 _ 0 73 
- . 
-' 
I..-
o 
• TABLE XXVII Y02 Max 1974 Sample 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
FIVE INDEPENDENT VARIABLES (FORMULA Q). 
DltiTANCE RUN = 4920.519 - 9.83(E(R) + 1.96(FEV .5) - 0.9(FEF) - 67.4(SKIN) + 7.1 (HEART) 
S. e (0.7) (0.2) (21 ) 
---------------------
----------_._._._---_ .. _--
t (2.7) 
Regression significant at the 0.1% level 
.775 
DISTANCE 
• 
TABLE XXVIII V02 Max 1974 Sample 
MULTIPLE REGRESSION BETIIEEN THE CRITERION (16 MINUTE RUN) AND 
SIX INDEPENDENT VARIABLES (FORMULA R). 
RUN = 5326.8 -.12.8(~R) + 3.96(FEV .5) - 2.2(FEV1.0) - 1.07(FEF) - 60.1 (SKIN) + 8.8(HEART) 
S. e (0.23) 
t (3.08) (1.86) (2.86) 
Regression significant at the 0.1% level 
F 6,32 =10.23 
• 
TABLE XXIX V02 Max 1974 Sample 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
THREE INDEPENDENT VARIABLES (FORMULA S) 
DISTA1~E RUN = 5040.43 + 1.77 (FEV .5) - 0.845 (FEF) - 76.66 (SKIN) 
S. e 
t 
(0.8) (0.2) (22.8) 
(2.2) 
Regression significant at the 0.1% level 
All variables significant. 
() = 199.1 
R2 = 0.688 
• TABLE XXX V02 Max 1974 Sample 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
FOUR INDEPENDENT VARIABLES (FORMULA T) 
DISTANCE RUN = 5375.97 - 8.0 (~R) + 1.77 (F~V .5) - 0.78 (FEF) - 81.3 (SKIN) er = 193.4 
S. e (4.5) (0.78) (0.23) (22) 
---- ---------.------.-----.----
t (2.26) F = 8.2 
Regression significant at the 0.1% level 
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Summary of Multiple Regression Prediction Formulae 
• YQ2 ma:x 1974 Sample. 
As for 1973 skin fold and V02 max m~Kg.min appear to 
be good predictors of distance r'J.n, while formula G is the 
only regression equati'on signif5.cant at the 5 per cent 
level, others being significant at lower levels. All the 
four physiological variables in formula G appear to be 
sound physiological predictors of endurance capacity. In 
formulae G to T the F.E.F. appears in twelve of the formula, 
• 
while skin fold appears in eleven and V0 2 max ml/Kg.min is 
seen in five of the prediction formula. If we compare 
formula I and J and observe the t values associated with 
• 
the coefficients in I ~e can see that V02 max m~Kg.min is 
of less importance than F. E. F. Comparing formula N involving 
only F.E.F. and skin fold it may be possible to reasonably 
ignore formula I in favour of formula N. It should also be 
stressed that the low R2 of 0.63 in formula N suggests if 
possible more variables should be inclUded. When we add 
two further variables,' e. g. formula P the multiple correlation 
R2 is increased to 0.13 which is still a little on the low 
side but statistically acceptable. 
Formula S appears to be one of the best fits both 
statistically and physiologically, involving the forced 
expiratory volume in 0.5 sec, the forced expiratory flow, 
and skin fold. The standard error of prediction is good 
() = 199.1 yds and all the variables are Significant. The 
regression is also. significant at the 0.1% level. 
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Formula T is also of interest, involving the three 
variables in the previous equation and one additional 
measurement namely breathing rate which is the breathing 
• frequency recorded when V02 max was attained for one 
minute. The standard error of prediction is er = 193.4 yds, 
but it should be noticed that thGre is a low t value for 
breathing rate. 
On careful examination of these regression formulae 
the writer has decided: to apply f'ormulae G, I, K,. S, T, and 
N to physiological measurements obtained from subjects 
representing the Midland Colleges football team in order 
to predict the average distance that the group can run in 
sixteen minutes. The team were physiologically assessed 
during the competitive playing season, and were similar in 
age and stature to the'1973-74amateur players used in this 
study. Several prediction formulae not used in this study 
can be seen in the appendix. Also it should be noted that 
formulae G to L were forced into the computer program . 
while formulae M to T were included in the step wise 
procedure. Variables such as the F.E.F. would not have 
been selected for inclusion in the step wise mode 
regressions had it not been statistically significant, 
and the t values bear this out. In view of this it would 
seem reasonable to force F.E.F. into all other forced 
models. 
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Maximum Oxygen Debt 1924 Sample 
15 Subjects Only Part of 1974 Sample 
Correlation Matrix Table XXXI 
Sample Soccer. 
Maxilnum oxygen debt in relation 7,0 the 16 minute run. 
The fifteen subjects selected for debt determination 
were amateur soccer players from the West Midlands College 
of Education. They were used for this study owing to their 
accessibility. 
The measurement of maximum oxygen debt was undertaken 
as a tangent and subsidiary investigation to the major 
area of investigation, namely maximum oxygen uptake. 
It enabled the writer to ascertain if the sixteen minute 
run was, as previously' stated, largely aerobic in nature 
with only a minimal anaerobic component. The r between 
max 02 debt 1 and m~Kg and the criterion was -0.17 and 
-0.10 and this supports the above statement. It must of 
course be appreciated that the sample is small and initially, 
in the 16 minute run, pacing was undertaken by all the 
runners, who were also encouraged to run at a fast uniform 
pace for the whole of the sixteen minutes. 
Maximum oxygen debt in relation to other variables 
A high r = 0.96 was obtained between max 02 debt I and 
max 02 debt ml/Kg and also an r = 0.51 between max 02 debt,l 
and weight was evidenced. The time of ride to reach 
exhaustion prior to the recovery oxygen being collected 
showed an r = 0.68 with max 02 cJ.ebt I, and this was 
reduced to 0.60 when the debt was expressed in mJ/Kg. 
Particularly interesting and of note to fUrther 
researchers was the r = 0.57 between the max O2 debt I 
and the f'orced vital capacity which is signif'ican tat 
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the 5 per cent level. The abili ty to expire large amounts 
of' air during exercise may set the limits to the breathing 
pattern f'ollowing exercise when the debt is being repayed. 
I t is also worth· considerin.g that, if' the max O2 debt 
could be predicted f'rom other physiological measurements, 
then its application to sports could be more easily 
comprehended by physical educatj_onalists. The duration of' 
the ergometer ride correlated 0.68 with max 02 debt I and 
0.60 with max 02 debt ·mJ/Kg, and 0.77 with the maximum 
load reached during the ride. 
It appears from this brief' examination of' the maximum 
oxygen debt that f'urther research-is warranted between the 
debt, certain fUnctional lung volumes and distance 
perf'ormance such as 1500 metres, 3000 metres, and two mile 
runs where it is logical to assume that the debt could well 
be of'- prominent importance. 
»j 
H 
Q 
• 
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KEY TO 1974 MEASURE..1>,!ENTS MAX O2 DEBT SAMPLE 15 SUBJECTS 
1. 1.6 RUN 
• 2. YO LTS 
• 3. YO MLS 
4. FEY 0.5 
5. FEY 0.75 
6. FEY 1.0 
7. FYC 
8. MYY 
9. SKIN 
(Distance run in sixteen minutes) YDS. 
(Maximum oxygen uptake I/min) S. T. P. D. 
(Maximum oxygen uptake m~Kg,min) S.T.F.D. 
(Forced expiratory volume in 0.5 second) mls. 
(Forced expiratory volume in 0.75 second) mls. 
(Forced expiratory volume in 1.0 second) mls. 
(Forced vital capacity) mls. 
(Maximum voluntary ventilation, FEY 1.0 x 37.5) 
l/min.' 
(Skin fold dete:mination) m.m. 
10. OVERWEIGHT (OverWeight index). 
11. F/RATE (B. R) .(Breathir.g rate taken during measurement 
12. HEIGHT 
13. WEIGHT 
14. OD(LT) 
15. OD(ml) 
16. MX (LOAD) 
17. BASAL O2 
18. TIME FOR 
DEBT RIDE 
19. B/GLOB. 
• 
of V02 max for one minute). 
ems. 
Kg. 
(MaximUm oxygen debt Litres) (S.T.F.D.) 
(Maximum oxygen debt m~Kg) (S.T.P.D.) 
(Maximum load reached on bicycle ergometer 
in wat'ts). 
(Basal oxygen uptake) (S.T.P.D.) m~Kg.min. 
(Time to reach maximum oxygen debt) secs. 
(B of Hb per 100 ml of' blood). 
TABLE XXXI 
Correlation Matrix 19lu Max O2 Debt • 
16 RUN 
• VO LTS 
• VO MLS 
FEV 0.5 
FEY 0.75 
FEV 1.0 
FVC 
MVV LT 
SKIN FOLD 
OVERVlEIG HT 
B/RATE 
HEIGHT 
WEIGHT 
OD (LT) 
OD (ML) 
MX (LOAD) 
BASAL O2 
TIME FOR 
DEBT RIDE 
IV GLOB 
• • 16 MIN RUN VO LTS VO MLS 
1.00 -.31 -.05 
-.31 1.00 .69 
-.05 .69 1.00 
-.53 .11 -.30 
-.48 .15 -.30 
-.41 .20 -.30 
-.04 .43 -.17 
-.41 .20 -.30 
-.30 -.16 -.29 
-.50 .31-1- -.24 
-.26 
-.33 -.12 
.17 .29 -.26 
-.22 .41 -.31 
-.17 .48 .03 
-.10 .39 .10 
.41 .17 -.16 
.13 .22 .17 
.29 .31 -.11 
.03 .07 -.22 
.05 level of confidence = .51 
.01 level of confidence = .64 
FEV 0.5 
-.53 
.11 
-.30 
1.00 
.97 
.92 
.38 
.92 
.62 
.70 
.15 
.18 
.56 
-.00 
-.19 
-.25· 
-.31 
-.09 
-.0·7 
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FEY 0.75 
-.48 
.15 
-.30 
.97 
1.00 
.98 
.43 
.98 
.61 
.74 
.12 
.25 
.64 
.00 
-.20 
-.15 
-.28 
-.02 
.03 
~~ XXXI (Contd.) 
Correlation Matrix 197}~ Max O2 Debt 
16 RUN 
• VO LTS 
• VO MLS 
FEY 0.5 
FEV 0.75 
FEY 1.0 
PVC 
MVV LT 
SKIN FOLD 
OVERWEIGHT 
WRATE 
HEIGHT 
WEIGHT 
OD (LT) 
OD (ML) 
MX (LOAD) 
BASAL O2 
TIME FOR 
DEBT RIDE 
H/GLOB 
FEY 1.0 PVC lIWV SKIN FOLD 
-.41 -.04 -.L~ ~ -.30 
.20 .43 .20 -.16 
-.30 -.17 -.30 -.29 
.92 .38 .92 .62 
.98 .43 .98 .61 
1.00 .52 .99 .61 
·52 1.00 .52 .02 
.99 .52 1.CO .61 
.61 .02 .61 1.00 
.73 .49 .73 .34 
.02 -.41 .02 .03 
.36 .77 .36 -.06 
.70 .80 .70 .17 
.07 .57 .07 -.11 
-.15 .42 -.15 -.19 
-.02 .47 -.02 -.22 
-.22 .28 -.22 -.60 
.09 .56 .09 -.23 
.11 .09 .11 .20 
.05 level or conridence = .51 
.01 level or conridence = .64 
OVERWEIGHT 
-.50 
.34 
-.24 
.70 
.74 
.73 
.49 
.73 
034 
1.00 
.02 
.22 
.79 
039 
.19 
.14 
-.17 
.21 
.06 
TABLE XXXI (Contd.) 
Correlation Matrix 197i+ l'f.'3.X O2 Debt 
16 RUN 
• VO LTS 
• VO MLS 
FEV 0.5 
FEV 0.75 
FEV 1.0 
PVC 
~rvv LT 
SKIN FOLD 
OVERWEIGHT 
B/RATE 
HEIGHT 
WEIGHT 
OD (LT) 
OD (ML) 
MX (LOAD) 
BASAL 02 
TIME FOR 
DEBT RIDE 
H/GLOB 
B/RATE 'HEIGHT WEIGHT 
-.26 .17 -.22 
-.33 .29 .41 
-.12 -.26 
-.31 
.15 .18 .56 
.12 .25 .64 
.02 036 .70 
-.41 .77 .80 
.02 .36 .70 
.03 -.06 .17 
.02 .22 .79 
1.00 . -.53 -.31 
-.53 ' 1.00 .76 
-.31 .76 1.00 
-.48 .40 .51 
-.45 .25 .28 
-.68 .53 .42 
-.26 .29 .08 
-.73 .68 .56 
-.29 .41 .30 
.05 level of confidence = .51 
.01 level of confidence = .64 
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OD/LT 
-.17 
.48 
.03 
-.00 
.00 
.07 
.57 
.07 
-.11 
.39 
-.48 
.40 
.51 
1.00 
.96 
.36 
.30 
.68 
.20 
TABLE XXXI (Contd..) 
Correlation Matrix 1974 Max O2 Debt 
16 RUN 
• VO LTS 
• VO MLS 
FEV 0.5 
FEV 0.75 
FEV 1.0 
FVC 
MVV/LT 
SKIN FOLD 
OVERWEIGHT 
PIRATE 
HEIGHT 
WEIGHT 
OD (LT) 
OD (ML) 
MX (LOAD) 
BASAL O2 
TIME FOR 
DEBT RIDE 
H/GLOB 
OD ML MX (LOAD) BASAL O2 
-.10 .41 .13 
.39 .17 .22 
.10 -.16 .17 
-.19 -.25 -.31 
-.20 -.15 -.28 
-.15 -.02 -.22 
.42 .47 .28 
-.15 -.02 -.22 
-.19 -.22 -.60 
.19 .14 -.17 
-.45 -.68 -.26 
.25 .53 .29 
.28 .42 .08 
.96 .36 .30 
1.00 .29 .32 
.29 1.00 .23 
.32 .23 1.00 
.60 .77 .40 
.12 .42 -.24 
.05 level or conridence = .51 
.01 level or conridence = .64 
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TIME FOR H/GLOB 
DEBT RIDE 
.29 .03 
.31 .07 
-.11 -.22 
-.09 -.07 
-.02 .03 
.09 .11 
.56 .09 
.09 .11 
-.23 .20 
.21 .Q6 
-.73 -.29 
.68 .41 
.56 .30 
.68 .20 
.60 .12 
.77 .42 
.40 -.24 
1.00 .28 
.28 1.00 
1974 Max Oz Debt. 15 Subjects 
TABLE XXXII 
Means, Minimum, Maximum ancJ. Standard Devia tions. 
Means Minimum Maximum Standard 
Deviations 
16 RUN 4413 4031.00 4727.00 214.35 
• 
VO LTIS 3.20 2.59 3.83 0.35 
• VO MLS 42.47 36.00 49.00 4.17 
FEY 0.5 3753 2300 4750 5471 
FEY 0.75 4430 3000 5100 5012 
FEY 1.0 4836 3500 5350 4629 
FVC 5652 5100 6400 38.78 
MW LT 181.33 131.20 200.60 17.37 
SKIN FOLD 9.20 7.10 10.90 0.93 
OVERWEIGHT 97.44 89033 103.75 4.58 
PIRATE 43 21.00 62.00 9.35 
HEIGHT 176.93 . 172.00 183.00 3.43 
WEIGHT 75.00 67.00 84.00 5.39 
OD (LT) 4.81 3.13 7.30 1039 
OD (ML) :~4'1' ,4b·l , l'Zb· 'll 0.02 
MX (LOAD) 302 229.00 375.00 39.34 
BASAL O2 372.53 310.00 454.00 45.21 
TIME FOR 
DEBT RIDE 687.6 490.00 930.00 127.02 
ll/GLOB 15.3 13.60 17.5 1.25 
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Multiule Regression Prediction F~rmula for 1974 Sample 
Maximum Oxygen Debt (15 subjects) 
1;'4 
In 1974, fifteen of the thirty nine subjects underwent 
maximum oxygen debt deter.mination. The max 02 debt and 
factors associated with this measurement were statistically 
analysed by multiple regression techniques in order to 
predict the average distance the sample could run in 
sixteen minutes. This work was only intended as a 
• 
subsidiary aspect to the main V0 2 max measurement. The 
formulae U and V can be seen on pages 155 and 156. 
TABLE XXXIII. MAXIMUM OXYGEN DEBT 1974. SAMPLE. 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
ONE INDEPENDENT VARIABLE. (FORMULA· U) 
DISTANCE-RUN = 5193.04 - 2.078-(FJ<..'V .50)- ()"= 188.57 
S. e R2 __ 0 53 • 
t (14.8) (2.26) 
Regression significant at the 0.5% level. 
FEY .50 = FJ<..'V 0.5 sec. 
TABLE XXXIV. MAXIMUM OXYGEN DEBT 1974. SAMPLE. 
MQ~TIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
TIIO INDEPENDENT VARIABLES. (FOm.mLA V) 
DISTANCE RUN = 6210.63 + 2.689 (MX LOAD) - 26.769 (OVERWEIGHT) 
S. e R2 __ 0.701 
t F2 ,12 = 6.6 
Regression Significant at the 2~fo level 
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SUMMARY OF 1974 MULTIPLE REGRESSION PREDICTION FORMULA~ 
Maximum Oxygen Debt 
Regressions U and ,v pages 155 and 156 are the only 
regressions with an overall F statistic testing the 
hypothesis that (B1 = B2 = B'k. = 0) which were significant 
at the 5 per cent level or less. Statistically V is 
clearly the best having a significance level less than the 
2t per cent level and coefficients each of which when 
tested individually against the t distribution are 
Significant at, at least, the 5 p~r cent level. 
Further e~uations were considered containing 4, 5 and 
6 variables but none were found to have a significant F 
statistic. The standard errors a~d R2 values for the best 
of these e~uations are 'summarised below: 
I 4 variables er- = 167.89 R2 = 0.75 
Il 5 variables <T' = 170.16 R2 = 0.77 
III 6 variable,s <T' = 163.28 R2 = 0.818 
It can be seen that although the standard errors are 
smaller than those of the e~uations with fewer variables, 
the increases in the R2 coefficients are too small to justify 
the complexity of inclu,ding further variables. Furthermore, 
an inspection of i.ndividual coefficients in these e~uations 
revealed that no coefficient could be regarded as different 
from zero. Statistical'ly the best model would be V page 156. 
It is of interest that :the formula U with only one variable, 
namely the FEV .50, gave a standard error of prediction of 
only 188.57 yds. while .the maximum load reached on the debt 
ride, and the overweight index formula V only gave a 
prediction error of 165.2 yds. This has implications for leg 
strength both as far as-the max 02 debt ride is concerned and 
the distance run in sixteen minutes. 
Multiple Regression Prediction formulae for 1975 sample. 
In 1975 eleven members of the 1975 Midland Colleges 
football team were assessed and their various physiological 
meas1.].rements were applied to formulae G to T see pages i 161 to 163 
which were predictive formulae from the 1974 data derived 
from tests on the thirty nine soccer players, both professional 
and amateur. It can be'seen from table XXXVI that the root 
mean square errors for the formulae were G = 268 yds., 
I = 259 yds., K = 318 yds., N = 271 yds., S = '285 yds. and 
T = 241 yds. 
The root mean square error of the regression formula was 
calculated by means of the following formula. 
Root mean square error c 
Predicted -
L 
11 
The root mean square error is a measure of the average error 
in prediction. 
All ~ormulae (G to:T) can be used in the ~uture to 
predict the average distance an individual ~rom a similar 
sample may be expected to run in sixteen minutes with the 
stated error o~ prediction, provJ.ded the investigator obtains 
the necessary physiological measu~ements of the sUbjects. It 
is imperative also that these formulae are applied only to 
individuals, namely young soccer players eighteen to twenty five 
years o~ age who are representative of a similar sa~ple. In 
addition, they need to be highly trained, match ~it, and tested 
during the competitive playing season, under comparable 
conditions to which the testing procedures were applied in this 
investigation. Finally, it can be observed that all the 
formulae presented here :in thel 1974 'sample are measurements that 
are firstly physiologically meaningful, and secondly 
statistically acceptable. As previously stated, the following 
physiological parameters were assessed on the 1975 sample: 
• 1. V02 max l/min. S. T. P. D. 
2. V02 max mJ/Kg. min. S. T. P. D • 
• 3. Breathing rate duri~ V0 2 max being measured (taken for 
one minu to) • 
4. Skin fold assessment. 
5. Measurement o~ functional lung measurements, namely FVC, FEY 
at 0.5 s, 0.75 s, and 1.0 s. MVV, FEF, and F.M.E.F. 
6. The distance that could be run by the sample in sixteen 
minutes. 
7. Height. 
8. Weight. 
9. Body surface area. 
The individual physiological measurements ~or the 1975 
soccer sample are listed in the appendix to this study. The 
mean, minimum, maximum and standard deviations for these data 
can be seen on page 160., 
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1975 11 Sub~!scts 
Table XXXv.. 
Means, Minimum, Maximum and Standard Deviations 
Mean Minimum Maximum Standard 
Deviation 
DIST 1 4399 4005 4773 245.76 
, 
VO LTS 3.00 2.63 3.56 0.28 
• VO MLS 39.55 . 31.00 46.00 4.63 
FEV 0.5 3768 2930 4630 490.63 
J.<'EV 0.75 4681 3630 5850 688.29 
FEV 1.0 5258 4150 6660 847.88 
FVC 6322 4900 8000 1107 
MVV 197.72 155.60 249.70 32.72 
FEF 613.45 445.00 995.00 169.99 
FMEF 304.00 200.00 390.00 57.66 
SKIN FOLD 9.68 6.80 14.90 2.32 
PIRATE 38.82 25.0 63.00 '11.12 
I 
HEIGHT 178.36 165.00 191.00 8.61 
WEIGHT 75.23 64.00 91.00 9.67 
S/AREA 1.92 1.72 2.19 0.16 
Multiple Regression Prediction Formylae ~or 1975 Sample 
Predictions ~or 75's using Formul~. based on 74's 
""""-Formulae 
, 
(G) DISTM = 4448.308 + 9.736 (VO MLS) - 58.09 (SKIN) + 258.16 (S/AREA) - 0.56 (FEF) 
See page 130' Statistics ~or Regression: 0' = 212.8; R2 = 0.645: F4 ,34 = 3.11 
F sig a~ 5% 
(I) DISTM = 4954.108 + 7.709 (VO MLS) - 0.5287 (FgF) - 52.138 (SKIN) 
See page 132 Statistics ~or Regression: IS = 210.5; R2 = 0.64: F3 ,35 = 4.02 
F sig at 2~ 
. .... -, 
(K) DISTM = 4673.41 + 94.64 (VO LTS) - 0.78 (ImF) 
See page. 134 Statistics ~or Regression: () = 227.6; R2 = 0.54: F2,36 = 7.43 
F sig at 1% 
(N) mSTM " 5359.679 - 0.524 (FEP) - 60.6 (SKIN) 
See page 137 2 6 , Statistics ~or Regression: ~ = 209.4; R = o. 3. 1<'2,36 = 7.1·3 
F sig at 1% 
(S) DISTM = 5040.43 
See page. 141 
+ 1.77 (FEV .50) - 0.845 (PEF) - 76.66 (SKIN) 
. 2 
Statistics ~or Regression: CJ = 199.1; R = 0.69: 
(T) DISTM = 5375.97 - 8.0 (~RATE) + 1.77 (FEV .50) 
P sig at 0.1% 
- 0.78 (FEF) - 81.3 (SKIN) 
193.4; R2 = 0.72: Fl~,34 = 8.2 See page 142 Statistics ~or Regression: 0- = 
F sig at 0.1% 
er = Standard error o~ prediction R2 = Multiple correlation 
F = F statistic ~or testing Hypothesis that all variables have no real bearing on dependent variable (distance run). 
TAl1I:E lOO\Y!.. 
Formula Pre~iction Errers 
Formula (G) Formula (I) Formula (K) 
SUBJECT Predicted Error Predicted Error Predicted Error ACTUAL 
DISTANCE RUN 
1 4512 434 4454 376 4624 546 4708 
2 4613 608 4623 618 4509 504 4005 
3 4550 -132 4536 -146 4531 -151 4682 
4 4530 -26 4555 - 1 4528 - 28 4556 
5 4379 -144 4383 -140 4531 8 452.3 
6 4483 131 4529 177 i+61 0 258 i+352 
7 4404 12 4430 38 4357 - 37 4392 
8 4139 -309 4174 -274 4169. -279 4448 
9 4140 12 4139 11 4524 396 4128 
10 4408 - 43 4388 - 63 4577 126 4451 
11 4488 -285 4518 -255 4306 -467 4773 
Root Mean 
Square .±268 2.59 318 
Error 
... 
0'1 
I\) 
TABI,E XXXVI (Contd. ) 
Formula Prediction 
Errors Cont'd 
Formula (N) Formula (S) Formula (T) 
Predicted Error Predicted Error Predicted Error ACTUAL 
DISTANCE RUN 
1 4500 424 4624 546 4666 588 4078 
2 4664 659 4582 577 4416 411 4005 
~ 4525 -157 4628 - 54 4642 - 40 1+682 
-
4 4587 31 4596 40 4618 62 4556 
5 4430 - 93 4415 -108 4470 - 53 4523 
6 4502 150 li111+1 89 1+398 1~6 11-352 
7 4452 60 4376 - 16 4313 - 79 4392 
8 4202 -246 4076 -372 4220 -228 4448 
9 4182 54 4274 146 4327 199 4128 
10 4408 
- 43 4407 - 44 4411 - 40 4451 
11 4515 -258 4495 -278 4652 -121 4773 
Root Mean 
Square 271 285 241 
Error 
... 
Q\ 
\.N 
" 
Table XXXVI compares the predictions of distance 
run obtained from formu~ae G to T with the actual 
distance run for each subject. The error column is 
the difference between the predicted distance and the 
actual distance run. The root me2n square error is 
presented for each formula. It is worth noting that 
some individual errors are well in excess of the root 
mean square error. This underlines the fact that the 
formulae must be thought of as providing a measure of 
the average distance run taken over the population of 
athletes from which the sample has been obtained 
rather than providing a measure of the distance that a 
particular athlete will run, with the same precision 
of estimation. 
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Discussion of' Study 1913-74-75 
This study attempted to ascertain which physiological 
variables, either in ioolation or combination, are 
important f'or high endurance work. Secondly, the 
investiga tor has used several of' these variables in 
multiple regreSSion eQ~ations to predict the average 
distance that may be run by trained soccer players in 
sixteen minutes. 
Several investigators such as Balke 1963, Rasch and 
Wilson 1964, Ishiko 1967, Costill 1963, Cooper 1968, 
Doolittle and Bigbee 1968, Ribisl and Kachadorian 1969, 
• have reported signif'icant correlations between V0 2 max 
and distance running perf'ormance, suggesting that a high 
aerobic power is linked with successf'ul circulo-respiratory 
performance, as measured by distance running. Few of' these 
researchers have used highly trained homogeneous groups, 
and where heterogeneous samples have been used such as in 
Cooper's work 1968, where the age range was 17 - 52 years 
and the subjects' weignt ranged from 52 to 123 kg.; it is 
• 
understandable that f'at men had both a low V0 2 max per kg, 
and a low 12 minute run distance. This study has shown a 
• 
relationship of' r= 0.65 between V0 2 max mJ/Kgomin. and 
distance run in sixteen minutes in the 1973 sample, 
involving thirty seven subjects being trained f'irst team 
members of' the soccer, rugby, hockey, and cross-country 
teams f'rom the West Midlands College of Education. Also an 
r = 0.32 was obtained f'rom a homogeneous group of' thirty nine 
soccer players (amateur and professional) in the 1974 sample 
• between V0 2 max mJ/Kg.min. and the sixteen minute run, which 
is the criterion f'or this study. 
The majority of' studies to c.ate, where perf'ormance 
predictions have been attempted, have involved only one 
or two physiological variables, a~d so consequently the 
interaction of' several individual parameters to assess 
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endurance capacity has: not been examined. The writer has 
by multiple regression techniques, ordinary and step-wise, 
been able to ascertain what are some of' the essential 
physiological parameters related'. f'or a high endurance. 
, , 
capacity in athletes. Secondly, these variables have been 
examined and used in combination to predict the average 
distance run by certain athletic groups in sixteen minutes. 
Klissouras 1973 w~s able to consider the speed f'or 
running one kilometre (best ef'f'ort), as a predictor of' 
• V0 2 max in pre--adolescent children. The correlation 
• 
coef'f'icient between perf'ormance time and V0 2 max is 
r = -0.93, with a standard error of' estimate of' 9.8 sec. ~. 
Klissouras states he can be 95 per cent conf'ident that a 
• 
pre-adolescent boy, with a V0 2 max of', f'or example, 
50 ml!Kg.min, may perf'orm a one-kilometre run anywhere 
between 4 mins. 56 sec.;, and 5 mins. 34 secs. The signif'icance 
of' this study dif'f'ers f'rom Klisscuras' research in that the 
interaction of' many phYSiological variables has been used 
to predict endurance capacity as judged by distance covered 
in sixteen minutes' running. It is the author's belief' that 
predictions of' perf'ormance criteria can be accepted as valid 
only if' the interaction of' all the major variables contributing 
to such perf'ormance is :closely examined. 
Katch and Henry 1972, obtained a correlation of' 0.31 
between 2 mile perf'ormance and max 02 debt, but the multiple 
correlation to predict running perf'ormance using V02 max and 
max O2 debt was only 0.'57 and cOD,ld not be used for 
predictive purposes. It appears that no study to date 
,VI 
has examined the interaction of physiological parameters 
that can be used to predict endurance capacity as judged 
by a valid performance criteria such as the sixteen minute 
run. This study has de'termined some of the essential 
physiological factors necessary for a high endurance 
capacity in athletes from various sports which may 
contribute to successful performance in these sports. 
The Brazilian soccer team averaged 2.2 miles in twelve 
minutes running prior to the Worlc, Cup in 1970,88 and 
their endurance capacity appeared to enhance rather than 
hinder the success of their game. 
88Based on personal correspondence between 
Dr. Kenneth Cooper, Director of the Cooper Clinic, and 
the writer. 
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Discussion of the Hypot~eses 1973-74 
Hypothesis 1 - 1973 Sample 
The first hypothesis stated that there are significant 
relationships between maximum oxygen uptake and factors 
pertaining to it. with distance covered in sixteen 
minutes running. 
Maximum oxygen uptake m~Kg.min gave an r = 0.65, with 
distance run in sixteen minutes, which is significant at the 
1 per cent level. The proportion oxygen in relation to a 
• 
subject's V02 max which was used at 180 watts of work on 
the ergometer gave an r = -0.38 'Ni th distance run which is 
significant at. the 5 per cent level. Also, the time to 
• 
reach a V0 2 max from the commencement of work on the 
ergometer and the criterion gave an r = 0.36, which is 
significant at the 5 per cent level. Overweight index 
• 
correlated -0.49, with-V02 max mJ/Kg~min. and -0.46 with 
distance run, while skin fold gave an r = -0.42 with 
• V02 max m~Kg.min, and -0.34 with distance run. 
Hypothesis 1 - 1974 Sample 
Maximum oxygen uptake ml/Kg.min gave an r = 0.32 with 
distance run in sixteen minutes, being significant at the 
5 per cent level. Height gave an r = -0.33, with distance 
run, and -0.40 with V04 max m~Kg.min both being Significant 
at the 5 per cent level. Weight correlated r = 0.49 with 
V0 2 max r/min and -0.49 with V0 2 max ml/Kg.min, while the 
correlation between distance run and weight was -0.36, the 
latter correlation being signific8.nt at the 5 per cent level. 
Body surrace area gave a relationship of 0.42, with 
• • V02 max I/min and -0.52 with V0 2 max mJ/Kg,'min, while the 
correlation between B.S.A. and distance run was -0.39. 
. . 
Skin rold gave an r = -0.45 with V0 2 max mJ/Kg.min, 
and -0.53 with distance run, the individual with less body 
rat obviously being capable of higher endurance capacity 
as rerlected by distance run in sixteen minutes. Further 
• 
significant relationships between V0 2 max and factors 
associated with this measurement and distance run ror 1973 
can be seen in regression e~uations A to F pages 107 - 112. 
On the basis of these significant relationships, the 
rirst hypothesis was tentatively accepted. 
Hypothesis 2 - 1973 
The second hypothesis stated that there are significant 
relationships between selected pulmonary function measurements 
and maximum oxygen uptake. 
The V02 max I/min correlated 0.43 with FVC, 0.44, 0.49, 
and 0.49 with the FEV, at 0.75 sec., 1.0 sec., and the MVV, 
all these relationships being signiricant at the 1 per cent 
• level. An r = 0.34 was obtained between the V0 2 max I/min 
and the FEY 0.5 sec., significant at the 5 per cent level • 
• None or these relationships were signiricant when the V02 max 
was expressed in ml/Kg.min. 
Hypothesis 2 - 1974 
• 
The V02 max I/min gave an r = 0.33 with FVC compared to 
the 0.43 in the 1973 data. This is to be expected in view or 
the homogeneous nature or the s&T.ple in 1974. The FEF gave a 
• 
correlation with the V02 max I/min r = 0.34 which is 
significant at the 5 per cent level. The second hypothesis 
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was tenta ti vely accepted in vievr 01' the seven significant 
rela tionships. 
Hypothesis 3 - 1974 only 
The third Rynothesis stated that there are significant 
relationships between max 02 debt and distance covered by 
running in sixteen minutes. 
An r = -0.17 and -0.10 was obtained between the 
max 02 debt I and distance run, and max 02 debt ml/Kg 
with distance run. It should be stated that only fif'teen 
subjects underwent the maximum 02 debt test, and the 
initial stages in the sixteen minute run were paced, and 
this would obviously affect the level to which performers 
encroached upon their anaerobic energy reserves. Nevertheless, 
in view of' the correlations bei~ non-significant, the second 
hypothesis was rejected. 
Hypothesis 4 - 1974 only 
The fourth hypothesis stated that there are signif'icant 
relationships between the maximum oxygen debt, and certain 
pulmonary measurements.: 
Rather surprisingly, an r = 0.57 was obtained between 
FVC and the max 02 debt I, although no signif'icant 
relationship was seen when the max 02 debt was converted to 
ml/Kg. It may well becthat the ability to expire large 
amounts of' air rapidly during exercise governs the breathing 
pattern during the debt being repaid f'ollowing anaerobic work. 
Because of' this significant relationship the fourth hypothesis 
was tentatively accepted. 
Hypothesis 5 - 1974 only 
The fifth hypothesis stated that there is a 
significant relationship betwee~maximum oxygen debt, 
certain lung function measurements and distance covered 
by running in sixteen minutes. 
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In the regression'equations ~ and V neither involved 
the max O2 debt. Because no significant correlation was 
obtained between lung function measurements, the maximum 
oxygen debt, and the sixteen minute run, the fifth 
hypothesis was rejected. 
Hypothesis 6 - 1973 
The sixth hypothesis statec, that there is no 
significant relationship between ':)ulmonary function 
measurements and distance covered by running in sixteen 
minutes. 
Distance run in sixteen minutes gave r's = 0.05, 0.02, 
0.00, 0.00, and -0.03 with FEY 0.5s, FEV 0.75s, FEV 1.0s, 
1IlVV, and FVC none of which were significant at the 5 per cent 
level of significance. Because of lack of relationships 
this hypothesis was tentatively accepted in the 1973 sample. 
Hypothesis 6 - 1974 
In the 1974 srunple, distance run gave r's = -0.14, -0.26, 
-0.22, -0.17, -0.01 and -0.17 with FVC, F1~ 0.56, FEV 0.75s, 
FEV 1.0s, FMEF and MVV I/min none of which are significant at 
the five per cent level. In spite of this lack of 
significant relationships, the FEF correlated -0.53 with 
distance run which is significant at the 1 per cent level. 
In view of this finding the sixth hypothesis for 1974 was 
rejected. 
1 (Co 
It was also stated by the w:,iter in addition to the 
hypotheses, that various physiological parameters might 
enable the writer to predict the average distance that 
certain individuals might run in sixteen minutes. This 
has proved possible in both 1973 and 1974, involving both 
major samples. Also, the 1974 predictive regression 
formulae have been successfully applied to physiological 
measurements obtained from a new 1975 sample, similar in 
nature to both the 1973 and 1974 samples. 
1 (:J 
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CHAPTER V 
CONCLUSIONS AND RECOMMENDA.TIONS 
Conclusions 
I ('+ 
This study has attempted to isolate some o~ the 
essential physiological parameters necessary as individual 
measurements in themselves or in combination with other 
selected variables to predi ct enc'.urance capacity in soccer 
players. The criterion to assess endurance capacity in 
this investigation, is:the distance that can be run in 
sixteen minutes. 
Because o~ the interaction o~ various physiological 
measurements when man is under the stress o~ exercise a 
multi~arious approach has been used in order to arrive at 
the necessary predictive ~ormula to evaluate and predict 
endurance capacity in soccer players. 
This study has determined what major ~actors are 
associated with a high endurance capacity in soccer players. 
It has also used these 'physiological ~actors jOintly to 
predict distance run in sixteen minutes. The study has not 
attempted to examine how a high endurance capacity can be 
related to soccer skills possessed by di~~erent individuals 
in a team. The degree o~ skill a player possesses may well 
a~~ect his development and maintenance o~ endurance. 
Nevertheless, a skil~ul player with a high endurance 
capacity irrespective o~ playing position would be a 
valuable asset to any team. 
Within the limitations o~ this study the ~ollowing 
conclusions were made: 
1. There are signit'icant relationships between maximum 
oxygen uptake, and ~actors pertaining to this measurement 
and distance covered in sixteen minutes running. In 
particular in the 1973 sample an r = 0.65 was obtained 
• between V0 2 max mJ/Kg.min. and c.istance run whereas, in 
the more homogeneous sample of 1974. this relationship 
was reduced to 0.32, which is jUfJt significant at the 
5 per cent level. 
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The proportion V02 180/V02 ~ax on the ergometer, gave 
an r = -0.38 with distance run (1973 sample). Also, in 
• 
the same study the time to reach a V02 max from the 
commencement of work ort the ergo~eter and the criterion 
gave an r = 0.36. Skin fold showed a relationship of -0.34 
with distance run in the same year sample. In the 1974 
sample the forced expiratory flow gave an r = -0.53 with 
the criterion (16 minute run). Also, 'r' = -0.33. -0.36. 
and -0.39, were obtained between the criterion and height, 
weight and body surface area respectively. The observation 
from this is that the smaller, lighter performer appears to 
possess a high endurance capacity as determined by the 
sixteen minute run. Finally, skin fold correlated -0.53 
with the criterion to support the above statement. 
2. There are significant relationships between selected 
pulmonary function mea&urements and maximum oxygen uptake • 
• In the 1973 sample V0 2 max r/min gave 'r' s = 0.43, 0.34, 
0.44, 0.49 and 0.49 with PVC, FEY 0.5, FEY 0.75, FEV 1.0 secs. 
. . 
and MW. In 1974 V02 m,ax rJmin correlated 0.33 with PVC and 
0.34 with the FEF I/min. 
3. There are no significant relationships between maximum 
oxygen debt and distance covered by running in sixteen minutes. 
17b 
4. There are signi~icant relationships between maximum 
oxygen debt and certain pulmonary ~nction measurements. 
The F'Ve gave an r = 0.57 with the maximum 02 debt 1 which 
issigni~icant at the 1 per cent level. 
5. There is no signi~icant relationship between max 02 debt, 
certain lung ~unction measurements and distance covered by 
running in sixteen minutes. 
6. There is no signi~icant relationship between pulmonary 
~unction measurements and distance covered by running in 
sixteen minutes with the exception o~ the FEF llmin. and distance 
run which gave an r = -0.53 signi~icant at the 1 per cent level. 
It has proved possible to devise various ~ormulae o~ 
meaning~ul physiological measurements to predict the average 
distance that might be run by the sample and ~uture similar 
I 
representative samples in sixteen minutes. The ~ormulae 
arrived at by multiple regression involve the v02 max llmin 
• 
and m~Kg.min, skin ~old, breathing rate during V0 2 max, body 
sur~ace area, cardiac index, FEV 0.5s, 1.0s and the FEF limine 
(1974 sample). 
In the 1974 sample involving the maximum oxygen debt, 
! 
the overweight index, maximum load reached during the max 02 debt 
ride, and the FEV 0.5s were used in the regression rormula to 
predict average running speed over sixteen minutes (15 subjects). 
Recommendations 
The ~ollowing recommendations are made ror ~urther study. 
1. An investigation should be undertaken to examine the 
possibility o~ relationships between maximum oxygen uptake, 
maximum oxygen debt, and distance running per~ormance in the 
1500 and 3000 metres and 2 mile runs which possess both 
substantial aerobic and anaerobic components. 
2. A study, or studies, simila~ to the present one 
should be conducted with younger age groups. 
177 
3. Further research concerni~, the maximum oxygen debt, 
maxim~~ oxygen uptake,;body composition, pulmonary lung 
measurements, and their relationship to various distance 
running perrormance needs to be conducted with a larger 
sample. 
4. Further study involving ribre component or muscle, 
namely, rast glycolytic, and slo17 oxidative ribre, in 
relation to maximum oxygen uptruze, and maximum oxygen debt 
and their relationship to distance running perrormance could 
well rorm the basis ror rurther study. 
5. A similar study should be conducted, together with a 
comprehensive battery or biochemical measurements related 
to sprint and various distance perrormance criteria, to 
establish the possibility or predicting running speed. 
6. A study similar to the present one should be carried 
out and the interaction or certain psychological variables 
such as pain tolerance" and levels or motivation, with the 
PhYsiological parameters of this study could be examined. 
7. The implications or the above recommendations are that 
in the ruture it may be possible to predict athletic 
performance in a variety of events, which would be of 
immense value in assisting the selection of various teams 
and individuals for high level competitive sport. 
1 (0 
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APPENDIX I 
KEY TO 1973 MEASUREMENTS. 37 SUBJECTS 
1. DIST R (Distance run in s5.xteen minutes) metres • 
• 2. VO LTS (Maximum oxygen uptake r/min) s. T. P.D • 
• 3. VO MLS (Maximum oxygen uptake m~Kg.min) S.T.P.D. 
4. FEV 0.5 (Forced expiratory volume in 0.5 second) mls. 
5. FEV 0.75 (Forced expiratory volume in 0.75 second) mls. 
6. FEV 1.0 (Forced expiratory volume in 1.0 second) mls.· 
7. FVC (Forced vital capacity) mls. 
8. MW (Maximum voluntary ventilation, FEV 1.0 x 37.5) r!mi] 
9. Heart (Decrease in heart rate over two minutes following 
cessation of exercise). 
10. Skin 
, 
, 
(Skin fold determination) mm. 
11. Overweight (Overweight index). 
12. 180 TT 
13. 180 Ti 
14. 180% V 
15. 220 TT 
16. 220 Ti 
17. 220% V 
18. 240 TT 
19. 240 Ti 
20. 240% V 
21. MAX TT 
22. MAX Ti 
(Time to reach a respiratory steady state at 
180 watts) secs. 
(Time in a respiratory steady state at 180 watts) 
secs. 
• (Proportion of V02 max used at 180 watts). 
(Time to reach a respiratory steady state at 
220 watts) secs. 
(Time in a respiratory steady state at 220 watts) 
secs. 
• (Proportion of V0 2 max used at 220 watts). 
(Time to reach a respiratory steady state at 
240 watts) secs. 
(Time in a respiratory steady state at 240 watts) 
secs. 
• (Proportion of V0 2 max used at 240 watts). 
(Time to reach V0 2 max from starting load) secs. 
(Time ~02 ,max could be maintained in a respiratory 
steady state) secs. 
APPENDIX I 
• RAW DATA V02 MAX 1973 
SUBJECTS 
1 • 2 3 4 5 6 7 8 9 
• VO LTS 3.2100 3.1000 3.4500 3.2700 3.1700 3.6000 3.3800 3.2700 3.2300 
• VO MLS 38.0000 38.0000 46.0000 45.0000 36.0000 43.0000 48.0000 49.5000 46.0000 
DIST R 4217.0000 4440.0000 4340.0000 4279.0000 4042.0000 3641.0000 4694.0000 4280.0000 4315.0000 
F.V.C. 5850.0000 6850.0000 5500.0000 6245.0000 5240.0000 5500.0000 5740.0000 4750.0000 4550.0000 
, 
FEY 0.5 3850.0000 3600.0000 3420.0000 ·5180.0000 3200.0000 3910.0000 3700.0000 2930.0000 :3125.0000' ' 
FEVo. 75'4400.0000 4300.0000 4140.0000 5875.0000 3750.0000 4650.0000 4550.0000 3520.0000 3625.0600 
FEY 1.0 4755.0000 4900.0000 4600.0000 6125.0000 4080.0000 5180.0000 5070.0000 3900.0000 3975.0000 
M. V. V. 178.3100 183.7500 172.5000 229.6000 153.0000 194.2500 190.1300 1 L,6. 2500 1 !~9. 0000 
180 7T 300.0000 2110.0000 180.0000 2!~0.0000 210.0000 360.0000 210.0000 210,0000 300.0000 
180 Ti 180.0000 55.0000 60.0000 210.0000 320.0000 195.0000 105.0000 165.0000 110.0000 
180 'ioV 67.0000 73.2000 60.2000 71.8000 69.7000 76.9000 66.8000 7l~.3000 74.6000 
220 TT 420.0000 240.0000 180.0000 240.0000 120.0000 180.0000 240.0000 180.0000 210.0000 
220 Ti 840.0000 180.0000 135.0000 90.0000 170.0000 145.0000 210.0000 225.0000 120.0000 
220 %V 89.7000 88.7000 72.1000 88.9000 87.6000 87.2000 76.3000 86.8000 92.2000 
240 TT 120.0000 180.0000 240.0000 120.0000 120.0000 120.0000 210.0000 210.0000 270.0000 
240 Ti 150.0000 195.0000 135.0000 150.0000 130.0000 260.0000 180.0000 210.0000 150.0000 
240 %V 100.0000 90.3000 79.7000 98.7000 95.2000 97.2000 89.9000 100.0000 97.2000 
MAX TT 1860.0000 1390.0000 1545.0000 1320.0000 13L~0. 0000 1500.0000 1335.0000 1680.0000 1400.0000 
MAX T1 150.0000 120.0000 90.0000 105.0000 180.0000 60.0000 75.0000 60.0000 60.0000 -( 
HEART 43.0000 60.0000 46.0000 54.0000 57.0000 41.0000 41.0000 47.6000 71.0000 '-
SKIN 7.6600 13.0000 6.7100 7.5700 10.9500 9.4200 7.3700 10.6000 8.5700 
OVERWT 98.8000 93.0000 93.8000 86.7000 103.5000 94.9000 80.2000 99.2000 109.3000 
APPENDIX I (Contd.) 
• 
RAW DATA V0 2 MAX 1973 
SUBJECTS 
10 11 12 13 14 15 16 17 18 
, 
VO LTS 2.9000 3.9100 3.0400 3.3800 3.1800 3.0100 3.3200 3.4100 2.7400 
VO MLS 42.0000 49.0000 45.0000 54.0000 36.0000 h6.0000 52.0000 39.0000 37.0000 
DIST R 3813.0000 3989.0000 4218.0000 4458.0000 3758.0000 4080.0000 4956.0000 4053.0000 3904.0000 
F.V.C. 5225.0000 6275.0000 5400.0000 4900.0000 7725.0000 5125.0000 6200.0000 6050.0000 5160.0000 
FEV 0.5 3925.0000 4300.0000 3975.0000 3750.0000 5250.0000 4150.0000 4960.0000 2620.0000 3290.0000 
FEY 0.75 4750.0000 4950.0000 4525.0000 4300.0000 6100.0000. 1.525.0000 5600.0000 ·3900.0000 . :3 900.0000 . 
lo'EV 1.0 5100.0000 5375.0000 4900.0000 4600.0000 6650.0000 4800.0000 5950.0000 4740.0000 4300.0000 
M.V.V. 191.2000 201.5600 183.7500 172·5000 249.3000 180.0000 223.1000 177.7500 161.2500 
180 TT 240.0000 450.0000 240.0000 300.0000 210.0000 21+0.0000 2'-+0.0000 180.0000 180.0000 
180 'ri 120.0000 285.0000 105.0000 90.0000 480.0000 60.0000 180.0000 60.0000 90.0000 
180 'fav 75.8000 63.1000 69.7000 72.4000 72.6000 45.5000 64.1000 63.3000 69.3000 
220 TT 120.0000 150.0000 210.0000 180.0000 120.0000 240.0000 180.0000 180.0000 180.0000 
220 Ti 120.0000 90.0000 105~0000 90.0000 180.0000 150.0000 300.0000 75.0000 90.0000 
220 ~hV 92.4000 77.7000 90.1000 89.6000 88.0000 94.0000 76.8000 75.6000 86.8000 
240 TT 120.0000 120.0000 270.0000 240.0000 150.0000 270.0000 120.0000 120.0000 270.0000 
2!+0 Ti 90.0000 150.0000 225.0000 75.0000 150.0000 60.0000 150.0000 150.0000 90.0000 
240 %V 98.9000 81.8000 97.6000 97.0000 93.4000 100.0000 88.5000 80.0000 86.8000 
MAX TT 1080.0000 1995.0000 1365.0000 1365.0000 1560.0000 960.0000 1825.0000 1935.0000 14·40.0000 
MAX Ti 60.0000 60.0000 65;0000 60.0000 90.0000 60.0000 270.0000 60.0000 60.0000 
HEART 52.0000 56.0000 46.0000 49.0000 34.0000 41.0000 41.0000 39.0000 63.0000 -' 
" SKIN 8.30()O 12.0000 8.0700 7.1500 8.4500 6.9700 5.4000 10.3700 6.7200 c 
OVERWT 88.4000 106.6000 89.9000 84.9000 95.6000 87.8000 82.0000 106.0000 98.6000 
APPENDIX I (Contd.) 
• 
RAW DATA V02 MAX 1973 
SUBJECTS 
19 20 21 22 23 24 25 26 27 
• VO LTS 2.8300 3.1000 2.6300 2.8600 2.7200 2.8300 2.6600 3.0600 3.2100 
• VO MLS 38.0000 43.0000 45.0000 44.0000 35.0000 28.0000 41.0000 38.0000 41.0000 
DIST R 3927.0000 4206.0000 4745.0000 4555.0000 3526.0000 3520.0000 4338.0000 4053.0000 4043.0000 
F. V. C. 5430.0000 6300.0000 4430.0000 4850.0000 5500.0000 5675.0000 3870.0000 5710.0000 5450.0000 
FEV 0.5 2950.0000 4250.0000 3150.0000 3770.0000 4590.0000 3970.0000 3250.0000 4690.0000 4140.0000 
'FEV 0.75 3800.0000 ' 5030.0000 3690.0000 . 4190.0000 5050.0000 4580.0000 ,3500.0000 5300.0000 4750.0000 
FEY 1.0 4350.0000 5550.0000 3970.0000 4440.0000 5210.0000 4950.0000 3650.0000 5600.0000 5070.0000 
M. V. V. 163.1300 208.1300 148.8800 166.5000 195-3800 185.6000 136.8000 210.0000 190.1000 
180 TT 270.0000 300.0000 300.0000 300.0000 270.0000 180.0000 240.0000 210.0000 210.0000 
180 'h 390.0000 90.0000 60.0000 110.0000 90.0000 9().oOOO 90.0000 60.0000 90.0000 
180 %V 71.7000 68.0000 82.8000 55.9000 79.6000 73.8000 95.1000 75.8000 92.8000 
220 TT 270.0000 120.0000 240.0000 240.0000 300.0000 300.0000 0.0000 180.0000 240.0000 
220 Ti 60.0000 90.0000 60.0000 60.0000 60.0000 120.0000 0.0000 60.0000 120.0000 
220 ~~V 96.1000 80.0000 93.9000 86.7000 100.0000 95.4000 0.0000 88.8000 100.0000 
240 TT 300.0000 270.0000 0.0000 240.0000 0.0000 120.0000 0.0000 180.0000 0.0000 
240 Ti 60.0000 90.0000 0.0000 60.0000 0.0000 60.0000 0.0000 60.0000 0.0000 
240 "joY 100.0000 93.2000 0.0000 97.2000 0.0000 97·5000 0.0000 98.3000 0.0000 
MAX TT 1290.0000 1260.0000 1050.0000 1250.0000 660.0000 1050.0000 570.0000 1050.0000 540.0000 
MAX Ti 60.0000 60.0000 60.0000 60.0000 60.0000 60.0000 60.0000 60.0000 120.0000 
llliART 42.0000 48.0000 52.0000 52.0000 55.0000 60.0000 50.0000 61.0000 55.0000 -\. SKIN 6.4700 8.0000 6.9500 10.1000 12.5000 16.1000 8.6000 11.4000 9.8000 -
OVERWT 89.1000 94.7000 84.9000 86.4000 105.4000 131.5000 90.1000 94.0000 90.6000 
APPENDIX I (Contd.) 
• 
RAW DATA V02 MAX 1973 
SUBJECTS 
28 29 30 31 32 33 34 35 36 
• VO LTS 2.7300 2.7000 3.3500 2.8900 2.5900 3.3400 2.4300 2.9500 2.9300 
• VO MLS 43.0000 42.0000 44.0000 33.0000 38.0000 43.0000 33.0000 38.0000 40.0000 
DIST R 3788.0000 4314.0000 3923.0000 3726.0000 3776.0000 4380.0000 4190.0000 4052.0000 3770.0000 
F.V.C. 4140.0000 5360.0000 7310.0000 6360.0000 6120.0000 7160.0000 5600.0000 5550.0000 5330.0000 
FEV 0.5 2950.0000 3750.0000 4350.0000 3525.0000 3780.0000 4960.0000 3090.0000 3800.0000 3580.0000 
FEV 0.75 3440.0000 4250.0000 ·5150.0000· 4490.0000 4430.0000 5730.0000 3650.0000· 4350.0000 4220.0000· 
FEV 1.0 3700.0000 4600.0000 5730.0000 . 5100.0000 4900.0000 6250.0000 4060.0000 4750.0000 4630.0000 
M.V.V. 138.7500 172.5000 214.8700 191.2500 183.7500 234.3800 152.2000 178.1300 173.6000 
180 TT 360.0000 270.0000 210.0000 210.0000 420.0000 240.0000 270.0000 360.0000 210.0000 
180 Ti 60.0000 150.0000 150.0000 60.0000 60.0000 Go.oooo 90.0000 Go.oooo 60.0000 
180 'JoV 83.5000 41.8000 71.0000 83.2000 84.1000 63.1.000 74.5000 75.2000 76.4000 
220 TT 300.0000 360.0000 210.0000 2/1-0.0000 211-0.0000 180.0000 180.0000 180.0000 180.0000 
220 Ti 60.0000 60.0000 150.0000 90.0000 60.0000 90.0000 60.0000 210.0000 60.0000 
220 %V 98.5000 100.0000 77.6000 89.2000 98.8000 74.2000 95.2000 82.}000 93.8000 
240 TT 0.0000 0.0000 180.0000 240.0000 0.0000 180.0000 0.0000 150.0000 0.0000 
240 Ti 0.0000 0.0000 120.0000 60.0000 0.0000 60.0000 0.0000 60.0000 0.0000 
240 raV 0.0000 0.0000 9403000 100.000 0.0000 83.5000 0.0000 92.5000 0.0000 
MAX TT 1140.0000 780.0000 1260.0000 840.0000 1140.0000 1860.0000 810.0000 1200.0000 720.0000 
MAX Ti 60.0000 60.0000 90.0000 60.0000 60.0000 60.0000 120.0000 60.0000 60.0000· 
HEART 49.0000 70.0000 50.0000 55.0000 45.0000 46.0000 55.0000 50.0000 50.0000· ; 
SKIN 6.7500 6.2700 6.6700 10.9500 6.1700 
I 
6.6100 9.3700 7.6000 12.8700 
OVERWT 86.3000 94.1000 91.5000 106.1000 86.5000 89.6000 93.5000 93.9000 101.4000 
APPENDIX I (Contd.) 
• 
RAW DATA VG 2 MAX 1973 
SUBJECTS 
37 
• VG LTS 2.0700 
• VG MLS 33.0000 
DIST R 3400.0000 
'F.V.C • 4335.0000 
. FEV 0.5 2995.0000 
FJ<.'V 0.75 3450.0000 
. . . .. 
.. .. . 
. FEV 1.0' 3750.0000 
M.V.V. 140.6000 
180 TT 270.0000 
180 Ti 150.0000 
180 >bV 100.0000 
220 TT 0.0000 
220 Ti 0.0000 
220 %V 0.0000 
240 TT 0.0000 
240 Ti 0.0000 
.240 "/cV 0.0000 
MAX TT 270.0000 
MAX Ti 150.0000 
H1<~T 25.0000 
SKIN 6.9200 
GVERWT 86.8000 
APRENDIX 2 
• KEY TO 1974 MEASUREMENTS V0 2J1..A.X SAMPLE 39 SUBJECTS 
1. DIST M (Distance run in sixteen.minutes) yds. 
2. VO LTS (Maximum oxygen uptake I/min) S.T.P.D • 
• 3. VO MLS (Maximum oxygen uptake ml/Kg.min) S.T.P.D. 
4. FEY 0.5 (Forced expiratory volume in 0.5 second) mls. 
5. FEV 0.75 (Forced expiratory volume in 0.75 second) mls. 
6. FEY 1.0 (Forced expiratory volume in1.0 second) mls. 
7. FVC (Forced vital capacity) mls. 
8. MVV (Maximum v~luntary ventilation, FEV 1.0 x 37.5) r/min. 
9. FEF (Forced expiratory flow) l/min. 
10. FMEF 
11. Skin 
(Forced mid expiratory flow) l/min. 
(Skin folddetermina~ion) m.m. 
12. Overweight (Overweight index) 
13. B/Rate (BR) (Breathing rate taken during measurement of 
• 
V02 max for one minu.te). 
14. Height ems. 
15. Weight Kg. 
16. si AREA 
17. Heart 
18. TOTAL 02 
(BSA) sq ems. 
(Decrease in heart rate over two minutes following 
cessation of exercise) 
CONSUMPTION (Oxygen used at 180 watts on ergometer S.T.P.D.) 
ml/Kg;min. 
• • 19. VO MAX (Proportion V0 2 max at 180 watts ergometer) 
20. H/GLOB. (g of Hbper 100 ml of blood). 
APPENDIX 2 
• 
RAW DATA V0 2 MAX 1974 
SUBJECTS 
1 2 3 4 5 6 7 8 9 
• VO LTS 3.5500 2.8900 2.9100 3.4500 2.8200 3.6000 3.0000 3.4700 3.1500 
• VO MLS 41.0000 38.0000 41.0000 44.0000 36.0000 43.0000 45.0000 49.0000 4L~.0000 
.. 
B/RATE 44.0000 43.0000 62.0000 47.0000 41.0000 41.0000 40.0000 35.0000 52.0000 
H/GLOB 17.5000, 16.5000 15.3000 13.8000 14.5000 16.2000 14.0000 16.2000 13.6000 
·F.1.c. 595;0000 562~0000 ·544.0000 575.0000· 615.0000 605.0000 55.5.0000 512.5000 52'0.0000 
FEV 0.5 375.0000 395.0000 358.0000 436.0000 415.0000 395.0000 230.0000 330.0000 380.0000 
FEV 0.75 450.0000 475.0000 430.0000 487.0000 475.5000 465.0000 300.0000 390.0000 440.0000 
)lZV 1.0 495.0000 515.0000 474.0000 516.0000 520.0000 502.0000 350.0000 435.0000 465.0000 
'}\E.F~ 1000.0000 500.0000 475.0000 1000.0000 600.0000 1000.0000 305.0000 525.0000 575.0000 
F. M. F. 230.0000 400.0000 270.0000 310.0000 280.0000 250.0000 134.0000 235.0000 278.0000 
MVV LT 85.6000 193.1000 177.7000 193.5000 195.0000 188.2000 131.2000 163.1000 17403000 
HEIGHT 178.0000 178.0000 175.0000 178.0000 182.0000 183.0000 175.0000 176.0000 172.0000 
WEIGHT 80.0000 80.0000 71.0000 78.0000 78.0000 84.0000 67.0000 70.0000 71.0000 
8/ AREA 1.9700 1.9800 1.8700 1.9700 2.0000 2.0600 1.8200 1.8600 1.8400 
SKIN 9.5000 9.8000 9.4000 9.2000 9.4000 8.6000 .7.1000 9.2000 7.7000 
OVERWT 102.5600 102.5600 94.6600 100.0000 95.1200 101.2000 89.3300 92.1000 98.6100 
HEART 65.0000 60.0000 60.0000 70.0000 50.0000 65.0000 60.0000 55.0000 45.0000 
CONSUM 26.0000 29.0000 28.0000 35.0000 29.0000 27.0000 34.0000 37.0000 34.0000 
• VO MAX 62.6000 82.3000 70.4000 80.5000 82.9000 65.8000 79.3000 75.7000 -77.4000 ~ 
\ 
DIST lA . 4219.0000 4727.0000 4507.0000 4182.0000 4701.0000 4220.0000 4690.0000 4502.0000 4413.0000 
The functional lung measurements appear scaled down by a factor of ten. 
APPENDIX 2 (Contd.) 
• RAW DATA V02 MAX 1974 
SUBJECTS 
10 11 12 13 14 15 16 17 18 
• VO LTS 3.8300 3.1300 2.9200 3.2400 3.4200 2.5900 2.9200 3.2000 3.1800 
• VO MLS 46.0000 45.0000 38.0000 42.0000 49.0000· 36.0000 39.0000 48.0000 45.0000 
PIRATE 31.0000 50.0000 45.0000 21.0000 45.0000 43.0000 43.0000 34.0000 50.0000 
P/GLOB 14.9000 16.2000 14.6000 16.8000 13.8000 16.0000 13.7000 15.2000 14.9000 
F.V.C. 640.0000 540.00.00 575.0000 590.0000 540.000q 51.0.0000 540.0000 630.0000 
.-, ,.'. 
~80.000<? 
FEV 0.5 395.0000 380.0000 475.0000 355.0000 375.0000 335.0000 340.0000 430.0000 320.0000 
FE.'V 0.75 480.0000 457.5000 510.0000 425.0000 445.0000 415.0000 415.0000 510.0000 420.0000 
FEY 1.0 535.0000 ' 495.0000 530.0000 477.5000 485.0000 460.0000 460.0000 560.0000 477.5000 
F. E. F. 650.0000 570.0000 1000.0000 1~75.0000 610.0000 1!50.0000 510.0000 600.0000 ·390.0000 
F.M.Ji. 265.0000 310.0000 360.0000 235.0000 290.0000 270.0000 21+5.0000 31~0. 0000 285.0000 
MW LT 200.6000 185.6000 198.7000 179.0000 181.8000 172.5000 172.5000 210.0000 179.0000 
HEIGHT 180.0000 175.0000 171+.0000 181.0000 172.0000 175.0000 172. 000 178.0000 178.0000 
WEIGHT 83.0000 69.0000 76.0000 76.0000 70.0000 72.0000 74.0000 75.0000 69.0000 
si AREA 2.0300 1.8400 1.9300 1.9700 1 • 81~00 1.8800 1.8900 1.9400 1.8700 
SKIN 8.8000 9.2000 10.9000 9.4000 10.1+000 9.6000 10.2000 10;5000 7.7000 
OVERWT 103.7500 92.0000 102.7000 93.8200 97.2200 96.0000 102.7700 96.1500 88.4600 
HEART 55.0000 50.0000 60.0000 50.0000 65.0000 45.0000 60.0000 45.0000 65.0000 
CONSUM 29.0000 32.0000 33.0000 30.0000 34.0000 31.0000 26.0000 27.0000 33.0000 
• 62.9000 86.9000 86.8000 65.0000 55.6000 VO MAX 72.5000 71.9000 72.5000 74.0000 
DIST M 4341.0000 4290.0000 4031.0000 4664.0000 4403.0000 4310.0000 4592.0000 4481.0000 4522.0000 
The functional lung measurements appear scaled down by a factor of ten. 
APPEIIDIX 2 (Contd.) 
• 
'RAW DATA V0 2 MAX 1974 
SUBJECTS 
19 20 21 22 23 24 25 26 27 
• VO .LTS 3.0300 3.3800 3. -1200 2.9800 2.7600 3.2100 2.9800 2.7900 3.1 000 
• VO MLS 45.0000 46.0000 1.14..0000 40.0000 40.0000 47.0000 48.0000 L~3. 0000 50.0000 
B/RATE 52.0000 36.0000 39.0000 43.0000 43.0000 39.0000 36.0000 36.0000 39.0000 
IV'GLOB 14.0000 15.2000 13.9000 13·5000 13.9000 13.3000 14.6000 13.9000 13.5000 
F.V.C. 465.0000 620.0000 540.0000 635.0000 560.0000 545.0000 565.0000 517.5000 500.00.00 
FEV 0.5 325.0000 405.0000 390.0000 395.0000 340.0000 330.0000 320.0000 275.0000 31+0.0000 
FEV 0.75 380.0000 497.5000 460.0000 480.0000 425.0000 1+11+.0000 390.0000 340.0000 420.0000 
Fb.'V 1.0 405.0000 540.0000 495.0000 535.0000 470.0000 465.0000 450.0000 387.5000 455.0000 
F. E. F. 425.0000 1+75.0000 575.0000 600.0000 390.0000 1125.0000 1~1 O. 0000 ilOO.OOOO 3.110.0000' 
P. M. P. 265.0000 335.0000 345.0000 270.0000 21+0.0000 275.0000 206.0000 170.0000 330.0000 
MVV LT 151.8000 202.5000 185.6000 200.6000 176.2000 174.3000 168.7000 145.3000 170.6000 
HEIGHT 170.0000 170.0000 180.0000 186.0000 179.0000 179.0000 171.0000 170.0000 164.0000 
WEIGHT 67.0000 71.0000 70.0000 72.0000 67.0000 68.0000 62.0000 65.0000 62.0000 
S/AREA 1.7800 1.8300 1.8900 1.9600 1.8500 1.8600 1.7300 1.7600 1.6800 
SKIN 5.8000 9.2000 10.4000 9. 1+000 9.7000 7.7000 5.7000 8.7000 6.3000 
.OVERWT 95.7100 101.4200 87.5000 83.7200 84.8100 86.0700 87.3200 92.850d 96.8700 
HEART 55.0000 45.0000 50.0000 55.0000 50.0000 50.0000 55.0000 55.0000 50.0000 
CONSUM 39.0000 34.0000 29.0000 29.0000 37.0000 29.0000 40.0000 43.0000· 39.0000 
• VO MAX 86.4000 73.6000 64.4000 72.1000 93.8000 65.1000 80.6000 99.9000 80.0000 
DIST M 4463.0000 4602.0000 4591.0000 4463.0000 4187.0000 1.14.59.0000 4871.0000 4542.0000 4701.0000 
The functional lung volumes appear scaled down by a factor of ten. 
APPENDIX 2 (Contd.) 
• 
RAW DATA V02 MAX 1974. 
SUBJECTS 
28 29 30 31 32 33 34 35 36 
• VO LTS 3.7300 3.2300 3.3L~00 3.1000 3.3400 3.3100 3.3900 3.2100 3.1700 
• 
49.0000 VO MLS 44.0000 50.0000 43.0000 48.0000 40.0000 41.0000 42.0000 42.0000 
PIRATE 45.0000 46.0000 36.0000 43.0000 35·0000 41.0000 36.0000 36.0000 37.0000 
IVGLOB 13.2000 14.0000 14.4000 13.9000 12.9000 14.5000 13.1000 13.9000 13.2000 
F. V. C. 580.0000 460.0000 592.5000 560.0000 540.0000 633.0000 620.0000 555.0000 555!0000 
FEV 0.5 365.0000 300.0000 210.0000 280.0000 375.0000 420.0000 355.0000 375.0000 262.0000 
FEV 0.75 41+0.0000 360.0000 3.35.0000 340.0000 450.0000 510.0000 435.0000 445.0000 360.0000 
F~'V 1.0 490.0000 390.0000 450.0000 390~0000 485.0000 570.0000 480.0000 485.0000 460.0000 
B'. E. F. L~08. 0000 525.0000 227.0000 1.00.0000 1,80.0000 475,0000 :525.0000 . 525.0000 280.0000 
F.M.:B'. 315.0000 225.0000 250.0000 145.0000 315.0000 365.0000 . 220.0000 310.0000 230.0000 
MVV LT 183.7000 146.2000 168.7000 146.2000 181.8000 213.7000 180.0000 181.8000 172.5000 
HEIGHT 178.0000 165.0000 180.0000 170.0000 173.0000 175.0000 181.0000 175.0000 177.0000 
WEIGHT 85.0000 64.0000 76.0000 64.0000 68.0000 82.0000 82.0000 77.5000 711-.0000 
S/AREA 2.0200 1.7100 1.9600 1.7400 1.8200 1.9800 2.0300 1.9400 1.9200 
SKIN 11.5000 6.1+000 6.6000 5.5000 7. 1+000 7.9000 11.6000 9.7000 7.7000 
OVEHWT 108.9700 98.4600 95.0000 91.4200 93.1500 109.3300 ·101.2300 10303300 96.1000 
HEART 55.0000 85.0000 60.0000 55.0000 55.0000 100.0000 50.0000 40.0000 80.0000 
CONSUl~ 26.0000 38.0000 34.0000 39.0000 31.0000 28.0000 33.0000 31.0000 32.0000 
• 
'10 !.lAX 58.7000 73.3000 76.0000 82.5000 64.6000 71.9000 80.5000 76.6000 77.9000 ..J 
4483.0000 4532.0000 4582.0000 4478.0000 L~896. 0000 \J: DIST M 5127.0000· 4840.0000 5222..0000 4798.0000 0 
The runctional lung volumes appear scaled down by a ractor or ten. 
APPENDIX 2 (Contd.) 
• 
RAW DATA V0 2 MAX 1974 
SUBJECTS 
37 38 39 
• VO LTS 2.9100 3.0500 2.8000 
• VO MLS 38.0000 45.0000 42.0000 
Il/RATE 32.0000 41.0000 1 .• 0.0000 
H/GLOB 12.4000 13.1+000 14.6000 
F.V.C. 625.0000 575.0000 480.0000 
- . 
FEV 0.5 . 37Q.0000 420.0000 237.5000 
FEV 0.75 475.0000 505.0000 325.0000 
FEV 1.0 535.0000 545.0000 377.5000 
F. E. P. 1+75.0000 !~50. 0000 275.0000 
.b\ M. P. 330.0000 390.0000 190.0000 
MVV LT 200.6000 204.3000 141.5000 
HEIGHT 174.0000 175.0000 166.0000 
WEIGHT 76.0000 66.0000 66.0000 
SjAREA 1.9200 1 .8100 1.7400 
SKIN 9.1000 5.9000 7.4000 
. OVERWT 1 OL~.1 000 88.0000 100.0000 
HEART 50.0000 60.0000 55.0000 
CONsm~ 25.0000 33.0000 29.0000 
• VO MAX 68.0000 73.4000 68.5000 
--" 
DIST M 4646 •. 0QOO 5147.0000 4598.0000 \0 \0 
The functional lung volumes appear scaled down by a factor of ten. 
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APPENDIX 3 
KEY TO 1974 MEASUREMENTSMAX O2 DEBT SAMPLE 
15 SUBJECTS 
1 • 16 RUN 
• 2. VO LTS 
• 
3. VC MLS 
4. FEY 0.5 
5. FEV 0.75 
6. FEV 1.0 
7. FVC 
8. MVV 
9. SKIN 
(Distance. run in sixteen minutes) YDS. 
(Maximum oxygen up~ake I/min) S.T.P.D. 
(Maximum oxygen uptake mJ./Kg. min) S. T. P. D. 
(Forced expiratory volume in 0.5 second) mls. 
(Forced expiratory volume in 0.75 second) mls. 
(Forced expiratory volume in 1.0 second) mls. 
(Forced vital capacity) mls. 
(Maximum voluntary ventilation, FEV 1.0 x 37.5) 
l/min. 
(Skin fold determination) m.m. 
10. OVERWEIGHT (Overweigbt index) 
11. PIRATE (BR) (Breathing rate taken during measurement 
• 
of V02 max for one minute). 
12. HEIGHT ems. 
13. WEIGHT Kg. 
14. OD (LT) (Maximum oxygen debt Litres) (S. T. P. D. ) 
15. OD (ML) (Maximum oxygen debt mJ./Kg) (S.T.P.D. 
16. MX (LOAD) (Maximum load reached on bicycle ergometer in 
watts). 
(Basal oxygen uptake) (S.T.P.D.) mJ./Kg,min. 
18. TIME FOR 
DEBT RIDE (Time to reach maximum oxygen debt) secs. 
19. rv'GLOB. (g of Hb per 100ml of blood). 
APPENDIX 3 
RAW DATA MAX 0" DEBT 1974 
"-
SUBJECTS 
1 2 3 4 5 6 7 8 9 
16 RUN 4219.0000 4727.0000 4507.0000 4182.0000 4701.0000 4220.0000 4690.0000 4502.0000 1+413.0000 
• VO LTS 3.5500 2.8900 2.9100 3.4500 2.8200 3.6000 3.0000 3.4700 3.1500 
• VO MLS 41.0000 38.0000 1.1.0000 44.0000 36.0000 43.0000 45.0000 49.0000 44.0000 
OD (LT) 7.3000 4.7200 3.5000 6.6900 3.5300 4.7400 5.8800 3.8900 3.2100 
OD (ML) 0.0913 0.0590 0.0493 0.0858 0.0453 0.0564 0.0878 0.0556 0.0452 
.. 
MX' (LOAD) 328.0060 320.0000 279.0000 229.0000 320.0000 310.0000 310.0000 305.0000 295·0000 
BASAL 360.0000 338.0000 322.0000 416.0000 416.0000 364.0000 444.0000 388.0000 360.0000 
m;IGHT 178.0000 178.0000 175.0000 178.0000 182.0000 183.0000 175.0000 176.0000 172.0000 
WEIGHT 80.0000 80.0000 71.0000 78.0000 78.0000 84.0000 67.0000 70.0000 71.0000 
GKIN 9.3000 9.8000 9.4000 9.2000 9.4000 8.6000 7.1000 9.2000 1.7000 
OVER'ilT 102.5600 102.56001 94.6600 100.0000 95.1200 . 101.2000 89.3300 92.1000 98.6100 
MVV LT 185.6000 193.1000 177.7000 193.5000 195.0000. 188.2000 131.2000 163.1000 174.3000 
B/RATE 44.0000 43.0000 62.0000 47.0000 41.0000 41.0000 1.0.0000 35.0000 52.0000 
F.V.C. 595.0000 562.0000 541+.0000 575.0000 615.0000 605.0000 555.0000 512.5000 520.0000 
H/GLOB 17.5000 16.5000 15.3000 13.8000 14.5000 16.2000 14.0000 16.2000 13.6000 
TIME IN 750.0000 735.0000 585.0000 750.0000 720.0000 690.0000 690.0000 680.0000 630.0000 
Fl!.'V 0.5 375.0000 395·0000 358.0000 436.0000 415.0000 395.0000 230.0000 330.0000 380.0000 
FEV 0.75 450.0000 475.0000 430.0000 487.0000 475.5000 465.0000 300.0000 390.0000 440.0000 
FEV 1.0 495.0000 515.0000 474.0000 516.0000 520.0000 502.0000 350.0000 435.0000 465.0000 
The functional lung volumes appear scaled down by a factor of ten. 

1. DIST 1 
• 
2. VO LTS 
• 3. VO MLS 
4. FEV 0.5 
APPENDIX 4 
KEY TO 1975 MEASUHEMENTS SAV.PLE 
11 ,SUBJECTS 
(Distance ,sixteen ninute run) YDS. 
(Maximum oxygen uptake in litres per minute) 
S. T. P. D • 
5. FEV 0.75 
(Maximum oxygen uptake in m~Kg.min) S.T.P.D. 
(Forced expiratory volume in 0.5 sec.) mls. 
(Forced expiratory 'lolurne in 0.75 sec.) mls. 
(Forced expiratory volume in 1.0 sec.) mls. 
(Forced vi tal capac:.,,;y) mls. 
6. FEV 
7. FVC 
8. MVV 
9. FEF 
1.0 
(Maximum voluntary ventilation, FEV 1.0 x 37.5) 
llmin. 
(Forced expiratory flow) l/min. 
10. FMEF (Forced mid expiratory flow) r/min. 
11. SKIN FOLD (The mean of' seven representative sites 
measured) m.m. 
12. B/RATE (BR) (Breathing rate taken during measurement 
• 
of V02 max for one minute). 
13. HEIGHT ems. 
14. WEIGHT Kg. 
15. S/AREA sq ems. 
APPENDIX 4 
RAW DATA 1975 SAMPLE 
SUBJECTS 
1 2 3 4 5 6 7 8 
HEIGHT 191.0000 185.0000 178.0000 173.0000 178.0000 165.0000 174.0000 173.0000 
I~EIGHT 91.0000 65.0000 76.0000 66.0000 82.0000 67.0000 69.5000 76.0000 
B. S. A. 2.1900 1.8300 1.9300 1.8000 1.9800 1.7200 1.8200 1.8900 
BREATH 35.0000 63.0000 40.0000 39.0000 33.0000 45.0000 51.0000 26.0000 
.. 
VO LTS 3.5600 2.6300 3.4200 3.0000 2.8200 3.0000 2.8400 2.8700 
• 
-VO MLS, . 36.0000 40.0000., .45.0000 . 40.0000 35·0000, 45.0000 41.00QO ' 38.0000 
DIST 1 4078.0000 4005.0000 4682.0000 4556.0000 4523.0000 4352.0000 4392.0000 4448.0000 
SKIN 9.9000 6.9000 8.6000 8.0000 10.8000 10·3000 8.5000 10.5000 
F.V.C. 8000.0000 5300.0000 7320.0000 5280.0000 6100.0000 4900.0000 6850.0000 5300.0000 
Pl~V 0.5 '1-300.0000 2930.0000 lj.250.0000 3580.0000 3650.0000 3?OO.()OOO 3510.0000 3850.0000 
FEV 0.75 5500.0000 3630.0000 5520.0000 4250.0000 4630.0000 3930.0000 411-00.0000 11-500.0000 
FEV 1.0 645.0000 4150.0000 6280.0000 4640.0000 5060.0000 4350.0000 5000.0000 4850.0000 
M.V.V. 248.1000 155.6000 . 235.5000 174.0000 189.7000 163.1000 187.5000 181.8000 
F. E. F. 495.0000 530.0000 598.0000 550.0000 525.0000 445.0000 750.0000 995.0000 
F.M. E. F. 343.0000 200.0000 385.0000 305.0000 300.0000 270.0000 235.0000 330.0000 
APPENDIX 1+ (Contd. ) 
RAW DATA 1975 SAMPLE 
SUBJECTS 
9 10 11 
Hl>IGHT 190.0000 186.0000 169.0000 
'I'/EIGHT 88.0000 83.0000 61+.0000 
B. S. A. 2.1300 2.0600 -1.7400 
BREATH 31.0000 39.0000 25.0000 
VO, LTS, , 2.7599, , ' .3 .1800 2.9200 , .. ~. . .. . . 
• VO lALS 31.0000 38.0000 46.0000 
DIST 1 4128.0000 4451.0000 4773.0000 
SKIN 14.9000 11.3000 6.8000 
F .. V.C. 8000.0000 6450.0000 601,0.0000 
:E<'l<.:V 0.5 1+630.0000 3750.0000 3800.0000 
FEV 0.75 5850.0000 1+ 750.0000 4530.0000 
J!'EV 1.0 6660.0000 5350.0000 5050.0000 
M. V. V. 249.7000 200.6000 189.3000 
F. E. F. 525.0000 510.0000 825.0000 
F.M. E. F. 390.0000 300.0000 286.0000 
APPENDIX 5 
• 
RWRESSION FORMULAE V0 2 MM 1974 
NOT INVESTIGATED FURTHE? IN STUDY 
APPENDIX 5 
,MULTIPLE REGRESSION BETWEEN THE P!UTERION (16 MINUTE RUN) AND 
.TIiLtEE INDEPENDENT VARIABLES (FORMULA 1'1) 
DISTANCE RUN = 650628 - 10.11 (~R) - 57.54 (~GLOB) - 80.85 (SKIN cs = 209.1 
S.e R2 = 0.648 
t 2.09 
Regression significant at 0.1% level. 
Haemoglobin t value not significant at the 5~~ level. 
R2 value too low for predictive purposes. 
APPENDIX 5 (Contd.) 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
TWO INDEPENDENT VARIABLES (FORMULA X) 
DISTANCE RUN = 5738.65 - 10.19 (B/R) - 87.79 (SKIN) () = 217037 
S. e (21 .6) 
T (2.02) (4.06) 10.28 
Regression" cignificanL at the 0.1% level. 
R2 value too low ror predictive purposes. 
.' . 
APPENDIX 5 (Contd.) 
MULTIPLE REGRESSION BETWEEN THE CRITERION (16 MINUTE RUN) AND 
ONE INDEPENDENT VARIABLE (FORMULA y) 
DISTANCE RUN = 5202.59 - 85.65 (SKIN) () = 226.2 
S.e 
t. 
(22.5) 
(3.8) 
Regression significant at the 0.1% level. 
R2 value too low for predictive purposes. 
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